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Contents: Circular to Members as to the publication of the ,,Proceedings*. O 
O Proceedings of the XVIIth Meeting of Council held in Munich 11th April 1908. 


To the Members of the International Association 
for Testing Materials. 


n consideration of the long-felt need of maintaining closer 

contact with the Members of the Association in the inter- 
vals between the Congresses, the Council have decided, at their 
last Meeting at Munich, to publish a periodical, appearing 
from time to time during the year, in consecutive numbers. 
This periodical will contain not only business communications, 
Congress papers and Congress proceedings, but also notices 
of the work published by the National Societies and the 
Laboratories for Testing Materials in the various countries; 
and further notices of any | other prominent publications 
in this branch. By this last means the Council hope to offer 
the Members a slight, but useful addition to the index of 
professional literature. published in the leading technical 


_ Papers. 


ES 


The Proceedings will appear in three independent editions, 
English, French and German and be sent gratis to the Members. 
The Council trust that this innovation will not only 
contribute to strengthen the interest of Members in the Inter- 
national Association, but will also help to create new adherents. 


Ernst Reitler, Alex. Foss, 


General Secretary. President. 


Minutes of Proceedings of the XVII Meeting of the Council 


held in Munich, Hotel Continental, the 11" of April 1908. 


The sitting was opened at 10 a. m. 
Present: the Vice-presidents Messrs. A. Martens and N. 
Belelubsky, 
Mr. F. Berger, Past-president, 
the Members of Council: 
Messrs. J. Benetti, Bologna, 
.. Bienfait, Amsterdam, 
B. H. Brough, London, 
A. Greiner, Seraing, 
H. I. Hannover, Copenhagen, 
B 
A 
F 


— 


. Kirsch, Vienna, 

. Mesnager, Paris, 

. ochule; Zurrch. 
Further, accompanying Mr. Greiner: Mr.H. de Gérski, Seraing, 
the General-Secretary: Mr. E. Reitler, Vienna. 


Mr. Martens opened the Meeting, welcomed those present, 
thanked them for their full attendance and informed them that 
the President had telegraphed with regret his inability to be present, 
owing to serious private affairs. On his motion, Dr. Berger was 
requested to take the chair. ; 


aa, ees 


_ Mr. Berger in the chair read letters of regret for non- 
appearance from Messrs. : 3 

C. v. Banovits, Budapest, Castanheira das Neves, Lisbon, 
Pi Dudley, Altoona, A. Granfelt, Helsingfors, S. A. Lund, 
Kristiania, Marva y Mayer, Madrid, C. M. Mironesco, Bucharest, 
A. Milasinovic, Belgrad. 

The President announced the unexpected and much regretted 
decease of Mr. E. Roussel, the highly appreciated director of the 
Laboratory at Malines, to whom the Association has been so much 
indebted for his self sacrificing labours as chairman of Section C’ 
of the last Congress; secondly the much regretted decease of Prof. 
R. GieSfler, who had earned so much gratitude by his 12 years 
editorship of the Baumaterialienkunde, the only Journal for Testing 
Materials. Letters of sympathy in the name of the Council were 
dispatched to the families and to the editor’s office. 

A letter of congratulation had been sent to the Vice-president 
his Exc. Prof. N. Belelubsky in recognition of his forty years 
jubilee of public service and his receiving his honorary doctor’s 
degree at the Technical College in Charlottenburg. 

Two letters were read containing the following: that the 
Austrian experts under the chairmanship of Prof. Kirsch, and the 
Italian ditto under that of Prof. Benetti have constituted them- 
_ selves National Societies, which have developed considerable acti- 
vity, and are heartily congratulated by the Council. 


* 1. Passing the minutes of XVI Meeting of Council. 
The printed minutes were unanimously approved. 


2. Report on the work done by the Central office during past 
| year. 


The resolutions passed by the XVI meeting of the Council 
have been carried into effect, and will be referred to singly in the 
agenda. The paper on the methods of testing recommended by the 
IV congress had been put into the hands of three publishers: 
the English edition E. & F. N. Spon, Ltd. London and Spon 
& Chamberlain New York, the French ditto H. Dunod & E. Pinat, 
Paris, the German F’, Deuticke, Leipzig and Vienna. Advertisement 
Sheets were attached to this pamphlet, bringing in a fair sum. 


3. Fluctuation in the number of members. 


The present number of members in the varions countries are 
as follows: 


Beene esas sn oe Le. ; 1077 
Rasirediae ks: SOUL | Ttaly 
stig em os. SALT Japan; - 0. 3 
Belpiumis, 2. BO. | eer Rey. Ss 3 
Cree 2 Norway... « . 0 acon 
ont aer om 1 Portugal... 2 ee 
De aL Sos otk en ee OO Roumania. _. | ge eee 
Peddie. co See Russia (2:5. 5 ee 
Bode 8 ee) Se Servia, . «2 9 2, 3 
Wetman 5 |. 5. ey ae Sweden... /) eee 
Great Britain . . . . 76. |) *Switzerland 29) see 
Broan c . |i’... och panei cee ee Spailog <a. . Videg lee 
PIMC ALV 2. i, ee United States ef America 257 

1077 Total 1826 


As can be seen, the Association received a substantial increase 
of Members in Great Britain, Belgium and Denmark. 

In view of the many alterations to be made, a supplementary 
members list was not published, though a resolution for this had 
been passed in the XVI Council's Meeting; it appeared advisable 
to publish a new list dating from 18t January 1909. a 

The technical Society “Den tekniske Forening“ has joined the 
Association with a subvention of 25 K; the American Society has 
sent a subvention of 100 fres. - 

A letter from Prof. Marburg, Jen, Am. Soc. T. Mat. was read, 
saying that the Executive Committee regretted that their efforts to 
stimulate interest in the International Association had not resulted ina 
larger membership in America. They congratulated the Association on 
the: results of the last Congress, especially on its publications. 

On the motion of Mr. Greiner the Council decided to request 
Mr. Bian, Directeur des Forges d’Eich de Dommeldange kindly. 
to undertake the function of a a for Luxemburg. _- 


‘4, Financial report. 


- The General- eceaaLy laid the Be: report before the 
Council. : 
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Receipts and Expenditure of the Members of Council 


and Mandataries for the year 1906. 


_————— 


Balance Sub- Par into Cash in 
Country. [yar gry] amd Sub-| Total end cas] Expenal | Ran 
entions office 
1906 received 1907 
ee 
Supplement for 1906 
ilar Weer he as | ar 
Italy 15°— 367°50 382°50 240'—| 140°40 2°10 
Sweden 21°25 390°-— | 411°25 341°79 69°46 — 
RUSSIA |g - 1,568°30| 1.568°30;} 1.289°40| 278°90 — 
Hungary . = 567-—| 567—| 497-70] 8069 |— 11°39 
For 1907 
oa lot An ee6 
| Australia. | — 4528| 4528; 4528) — = 
Belgium . . — 615:— 615°— 581.50 33°50 — 
Denmark . ,j— 40°78 495°53 454°75 375°86 35°46 43°43 
Germany . 553°63 4. 234-12) 4.787°75 | 3.625°—| 655°18 | 50762 
Great Britain. — oy — 795°— T45°'— 50°-— — 
Finland . . — Ahlte = 210°— 210°— 13°70 |— 13°70 
France . 88.55+)| 1,267:50| 1.856:05| 117730) 178-75 — 
Holland 11:95 309°96 321°91 195°93 54°16 71°82 
Italy 2°10 443-50 444°60 352°50 5b°— 37°10 
Norway 89°39 331:66 421°05 VAP TH i 57°50 85°78 
Austria 24°13 2.45168) 2.47581! 1.785 —| 42640 | 26441 
Portugal 270 |< 405: | wLoT-70 97°50 9°85 0°35 
Roumania*) .}|—- 5.— = — 5.— — — — b— 
Russia”) . . — 735°— 135°'— 735°— — = 
Sweden... —= 390— |  390-—| 390-— a aa 
Switzerland . 3.40 671:20 674:60 525-— | 112°17 37°43 
Sorvigt we, . — 22:50 22°50 20°25 2°25 — 
mpan re st — 187:50 187°50 18750 — — 
Hungary . .|—11°39 596-82 585°43 537°60 33°79 14°04 
United States 
of Americal = — 2.109°62 | 2,109°62| 1.763°85| 345°77 aa 
Total . 71868 | 16.015°87 | 16.734 55 13,6784 2.063°43 | 1043-28 


*) The accounts for 1907 have not yet been presented. 
+) Balance corrected, 


The accounts differed from the budget in the following items. 


The receipts were increased, through the un- 

looked for advertisement sheets in the Methods of 

Testing and through the sale of non official papers, by 1761.55 frcs. 
On the other hand the expenses for printing, 

forwarding and translation of the Congress papers 

meremmieher.ihan had been expected by ..)-!x1 4 °° 568.— ., 
The actual expenditure for the printing of the 

general management came to a smaller sum, on 

account of the non-printing of the list of problems 


and supplementary list of members, by. . . . . 942.06 _,, 
Postage and purchase of a Pee cost less 

than calculated by . . . bee. 3. ime 
The accounts for 1907 ae conc reded with a 
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for printing of Conareee papers was ae ae eed 


The report was taken note of, and Messrs. Schule and 
Bienfait were requested to audit the books in hand by the 
afternoon. 


5. Re the question of dealing with technical problems. 


a) Report on the constitution of the committees nomi- 
nated in the XVI Meeting of Council. | 


Thanks to the willingness of the gentlemen invited, the 
Commissions nominated at the XVI Meeting of Council have 
been constituted in the following way. 


Commission 88 (Principles for specification of copper): 


Chairman: Mr. Léon Guillet, Ingénieur en Chef de Service chimiques 
de la Maison de Dion-Bouton; 17 Avenue Carnot, 
Paris, XVIlle. 


Members: Messrs. C. Heckmann, Duisburg-Hochfeld. 
G. Selve, Geh. Kommerzienrat, Altena i. W. 
Dr. R. T. Glazebrook, Director of the National Physical 
Laboratory, Teddington. 
F. Tomlinson, The Broughton Copper Comp. Ltd., 
Manchester (England). 


G. Guillemin, Ingénieur-Conseil, Paris, Ve, Rue du Sommerard. 

Breuil, Chef de la section des essais de métaux au Labora- 
toire des Arts et Métiers, Paris, 292 Rue St. Martin. 

Olgouine, Ingénieur au Laboratoire méc. a l’école Imp. 
des ingénieurs des voies de communication, Moscou. 

E. Wehrenpfennig, Zentralinspektor der osterr. Nordwest- 
bahn, Wien. 

Zugmayer jun., Kupferfabrikant, Waldegg. 

J. Gerwer, Oberingenieur des Schweizer elektrotechnischen 
Vereines. 

G. E. Skinner, Electrical Engineer, Westinghouse Electrical 
Manufacturing Comp., East Pittsbéurgh, Pa. (U. 5S. A.) 

H. E. Diller, of the Hawthorne Engineering Laboratory, 
Western Elect. Comp., Chicago (U. S. A.). | 


Commission 89 (Principles of specifications of oil for - 
technical purposes). 3 , 


Chairman: Mr. Dr. Max Albrecht, Hamburg. 


Vice-Chairman: Mr. E Camerman, Ingénieur en Chef au Labora- 
toire de l’Arsenal de 1’Etat, Malines. 


Members: Messrs. A. Jakobsen, Ingenieur, Chemiker der kgl. 
Danischen Staatseisenbahn, Kopenhagen B. 
Dr. Holde. Professor, Gr.-Lichterfelde 
Havald Buch, Ingenieur der Norweg. Staatseisenbahnen, 
Christiana. . 
Dr. R. T. Glazebrook, Director of the National Physical 
Laboratory, Teddington. 
Breuil, Chef de Section des essais de métaux au Labora- 
toire du Conservatoire des Arts et Métiers, Paris, 
292 Rue St. Martin. 
H. Baucke, Ingenieur, Amsterdam, Da Costakade 104. 
H. Cattaneo, Aide du Directeur de 1’Institut expérimental 
des chem. de fer de |’Etat, Rome. 
Josef GrofSmann, Oberinspektor der dsterr. Nordwestbahn, 
Wien. 
R. Kind, Mitchef der Firma Kind & Herglotz, Aussig a. E. 
Gebruder Sulzer, Maschinenfabrik, Winterthur. 
_ A. H. Gill, Professor of the Massachusetts Institute of 
Technology, Boston. 
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H. A. Julius, Engineer for Designs and Tests, Gov. Rail- 
ways, Western Australia, Railway Dep., Midland Junction, 
Western Australia. 
Messrs. Gary and Feret have kindly consented to undertake 
the report on problem 40 (Unification of specification of 


gypsum). | 
Re Commission 41 (Concrete iron) under the Chairman- 
ship of Mr. Considére, all gentlemen nominated in the last 
Meeting have consented to take part, with the exception of the 
Budapest Professors Nagy and Pecz, in the place of the former 
of whom Prof. A. Czako has joined the Committee. Besides the 
two gentlemen nominated in the XVI Meeting, Russia has dele- 
gated Prof. Jitkewitsch, Messrs. Boguslawsky and Abramoff. 


Re Commission 42 (Tests of hydraulic cements by 
prisms and determination of standard sand) all Laboratories 
named at the XVI‘ Meeting except those of Stockholm, Teddington 
(London) and Moscow have kindly given their consent. The last 
named Laboratory pointed out that they preferred working in 
metal tests and are ready to collaborate in this direction. This 
offer was’ accepted with thanks and they were referred to the 
respective principal questions to be dealt with. : 


Commission 80 (Separation of the finest particles in 
Portland cement) has been constituted according to the sug- 
gestion of the XVI Meeting; only Mr. R. Dyckerhoff has had 
his place taken by his son Dr. A. Dyckerhoff. 


BeLetters from the Chairmen of the Commissions. 
The Chairmen of Commissions 2, 25, 7, 9, 11, 32, 33, 24, 
34, were invited to resume their labours. 
The following letters were noted: 


Prof. Howe, chairman of the committee 24 for settling 
uniform nomenclature of iron and steel, requested the con- 
sent of the Council to add to the report in collaboration with 
Prof. Sauveur, a set of definitions of the microscopic constituents. 


This proposal was gratefully accepted. 


Re problem 18 (Paints for metals on metallic structures) 
a letter of Mr. Ebert was read, in which. he declared his report 
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closed by his paper laid before the last Congress. It was decided: 
To request the American Society T. M. to nominate a gentleman 
to report before the next Congress upon the investigations made 
in America upon this point. Likewise to request the Royal 
Office for Testing Materials in Gr.-Lichterfelde to send a 
report, as well as Mr. Grittner of Budapest, the former coreferee. 


Re Commission 84 (Definition and Nomenclature of 
bitumens) a letter of Prof. Lunge was read, expressing his 
opinion that his task had been finally concluded in the report 
laid before the last Congress and requesting to be allowed to 
resign his office as Chairman of the Commission. The Council 
decided to express their gratitude to Prof. Lunge for his labours 
and their regret at his resignation of office and to request him to 
kindly nominate for the next Congress a gentleman who would 
represent him in reading the report not dealt with at the last 
Congress. : 


Re Mr. Rieppel’s subcommittee I (International specifi- 
cations for testing and inspecting iron and Steel) the 
General Secretary stated that the American Society in answer to 
the request of the Council had delegated Messrs. Wood and 
Webster for this subcommittee. 


A letter from Mr, Rieppel was read in which he pointed out 
that to obtain real success for the work of the subcommittee, it 
Was necessary first of all to make certain of the approval of the 
National Societies or leading bodies of those countries included in 
the work of the Commission. The following questions were there- 
fore laid before the Council. 


1. Is the work of the Subcommittee 10 “Dewan eae 
under such an agreement with the national Societies for Testing 
Materials or with some similar Societies, that the results of the 
deliberations may be submitted to the sanction, or at least the 
judgement, of these Societies, or is the International Association, 
to decide for themselves on the propositions of the Subcommittee. 


2. What course is to be followed especially in regard to 
Great Britain? 


With regard to this question: 


Mr. Brough stated that the British members of the Association 
had held a Meeting 18 April in which Mr. F. W. Harbord, a pro- 
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minent expert, had been unanimously confirmed as British repre- 
sentative on the Subcommittee I. and that they had recommended 
that the report of Committee I. should be submitted for the conside- 
ration of the Engineering Standards Committee and the Iron and 
Steel Institute. 

After a long debate in which the Meeting agreed with the 
views of Mr. Rieppel, it was resolved to inform Mr. Rieppel of the 
position of the affairs in Great Britain through which the cooperation 
of leading British technical Societies would seem to be assured. 

After Messrs. Kirsch, Benetti and Belelubsky had reported 
that Austria, Italy and Russia are on the point of unifying their 
specifications, and Mr. Mesnager had pointed out that in France 
the Government on one hand and the Railways on the other have 
each their own specifications, it was decided to draw the attention 
of Mr. Rieppel to this, with a view to these countries joining in 
time the work of the Commission. 

The remaining reports laid before the last Congress but not 
dealt with, namely Probl. 7 (weathering resistance of building 
stones) 10 adhesive qualities of hydraulic cements, 
11 (testing puzzolanas) are to be discussed at the next Congress. 


c) Nomination of referees for the vacant Problems. 


Re problem 28 (Magnetic and electric properties of 
metals in connection with their mechanical testing). 
Prof. Kirsch reported that work has been done in this department 
at the Technical College in Vienna. It was resolved to invite the 
Austrian Soc. T. M. to nominate a referee upon this question. 
Further, investigators from other countries as far as they shall 
be named by the Members of Council, shall be invited to kindly 
report. 

A new edition of the List of Problems will be published 
in simplified form containing only name and dwelling-place of the 
committee members and referees. 


6. Preparations for the next Congress: 
Report upon the work of the Organising Committee: 


Prof. Hannover reported that a large organising Committee 
composed of leading men from scientific, technical and manu- 
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facturing circles have already begun their work. The Ministers 
of the Home Department, of Communications and of War, the 
Presidents of both Houses, the Lord Mayor of Copenhagen, His 
Excellency Professor Thomsen, P. C., have kindly joined the Con- 
gress as Honorary Members and it is hoped that the King himself 
will graciously consent to be the leading Patron and the Crown- 
prince Honorary President. Very interesting excursions have been 
proposed in connection with the affair. In answer to a question 
of the Chairman, Prof. Hannover expressed the belief that the 
Organising Committee would vote. the Association a. sum | for the 
printing of papers.. 

Prof. Hannover’s report was taken grateful note of. 
It was decided to fix the date of the Congress for the 
beginning of September 1909; but that invitations to the varions 
authorities should be sent out in the course of the next few months. 

As final date for sending in reports the 1st January 1909 


was decided on. The papers are to be sent:to the Delegate of the © 


respective country or direct to the General Secretary: in Vienna. 

The Council expressed the wish that the papers contributed 
might not exceed 8 printed octavo pages, the Council not being 
able to provide means for printing larger reports, in view of the 
great expense of editions in three languages. 


7. Reports on the publication of a Journal. 


The General Secretary reported that in conformity with the. 


resolution passed in the XVI‘ Council’s Meeting he had endea- 
voured to find ways and means for the publication of a Journal, 
which in short technical abstracts should give general information 
of all publications in all the technical Copan in connection 
with the Association. 

To reduce as far as possible the expenses of the enterprise, 
and to make sure on the other hand of the collaboration of the 
various countries, he had approached the Council Delegates and 
Mandataries for information as to how. far they would be willing 
to lend their assistance in the publication of such a Review. 
Most of the gentlemen have kindly consented® to support the 
enterprise as far as possible by nominating experts in -their own 
countries who would be willing to collaborate for comparatively 
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small fees; nevertheless there was serious anxiety both as 
regards the financial possibility of such an enterprise, and also as 
to its real needfulness considering that all the larger technical 
periodicals print abstract summaries of all other technical 
publications. 2 

In order to ascertain the financial demands of such a publi- 
cation, offers were requested from leading publishers, and since, 
meanwhile, the “Baumaterialienkunde* had stopped at the end of 
1907 with the death of Prof. GiefSler, two possibilities had to be 
considered for the eventual starting of a Review for the Inter- 
national Association: Either a quarterly publication containing 
short abstracts as above, or a monthly periodical of the same 
extent.as the quarterly, containing besides leading articles, a review 
on practical engineering and an index of current literature. The 
publishers declared that owing to the great expense of such a 
trilingual periodical they could only undertake the matter on the 
basis of a financial guarantee on the part of the Association, 
which guarantee would come to 10 Marks per member in the 
former case, and 11 Marks in the latter. 

Prof. Mesnager made the further statement that the editor 
of the periodical “Materiaux de Construction“ had offered to forward 
this journal gratis to the French speaking members of the Association 
at a cost of 10 Frcs. per member 96 quarto pages being placed at 
the disposal of the Association for their own communications: 

These reports taken note of, and the sitting adjourned till 
three o’clock. 


Reopening: ot the sitting at 3 p. m. 
Continuation of the 
Financial report and Priliminaries. 


Prof. Schiile reported having audited the books. together with 
Mr. Bienfait. The auditors declared themselves fully satisfied with 
the financial report for 1907. The settlement of accounts for 1907 
was concluded with a balance of 1621:27 Frcs. 

The receipts and expenses occurring since then. [eit the 
balance in cash on 10 April at 2448°75 Frcs. which amount 
according to the voucher of the Allg. Depositenbank in Vienna 
Was there lying to the credit of the Association. The discharge 
was accordingly given to the: President. 
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In addition to this the following budget for 1908 was approved. 
Budget of the Head Cash office for 1908. 


Receipts Fres. Expenditures | Fres 
| Cash in hand . . . . | 1.621:27 | Payment in arrear for 1907 | 1.600°— 
Members subscription Salaries and Stationery 7.560 -- 
(Supplement for 1907) . 80°— | Office printing expenses . | 1.100-— 
Member’s subscriptions and Postage. [> . ae 800°— 
subvention for 1908. .. 118.900 — }. Sundries >. . eee 200°'— 
PEERS US US «go tate goin SR 50°— | Congress expenses ._. . | 1,000°-—_ 
Receipts from sale of Con- Balance, 4... 5) 0 Seen oe 
press papers - 2°. y 100 — 

Total -..2, 2 b.751'2a Total. 7 Abbouebent 
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7. Continuation of the debate on the 
Publication of a Journal. 


After a long debate it was decided in view of the heavy 
expenses to drop the idea of publishing periodicals as above. On 
the other hand trilingual “Proceedings of the International 
Association“ should be published from now onwards in occasional 
numbers and consecutive series and be forwarded gratis to the 
members. 


These Proceedings should contain: 


1. Ail business and official information of the 
Association. 


2. The technical reports as Congress papers and 
Congress minutes. 


3. An index, beginning from the IV Brussels Congress 
— September 1906 — 
a) of those works published by the National Societies, 
b) of those published by the Laboratories of the 
different states, 
c) and of those technical articles from various periodi- 
cals which the Council members point out as worthy of 
notice especially regarding the results of practical experiment 
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and experience. This index shall give the titles, in conection with 

indications of the scope of the contents, in all three cases, and 

the respective sources of the articles. 

By means of these last measures the Council hope to maintain 
contact among the members in the time between the Congresses; 
and to offer them a valuable supplement to the Reviews already 
appearing in larger journals on the publications in Material Testing. 

It was left to the General Secretary to find a publisher to 
put the Proceedings on the market and to provide them with 
advertisement sheets. 


8. Motions. 


Prof. Belelubsky pointed out how important the question 
of painting building stones with flourines compounds had 
become and how valuable it would be to receive a reliable report 
on the success of those processes used in various countries. 

Mr. Bienfait moved the discussion at the Congress of the 
question how far the concrete iron is affected ‘by the electro- 
lytical influence of water underground. 

The Council decided as to both proposals to leave it to the 
experts to report on these points in reference to the principal 
questions to be discussed on the weathering of stones and the 
concrete iron. 

On the motion of the Chairman the length of notice in the 
contract with the General Secretary was increased from three 
months to 12. Only in case of permanent inability on the part of 
the Secretary the quarterly notice should hold good. 

It was resolved to hold the next Meeting of the Council 
on the first Saturday of February 1909 in Frankfort-on- 
Main. 

After Mr. Brough had proposed a vote of thanks to 
Mr. Berger for the excellent way in which he had conducted the 
Proceedings, the Meeting was closed 5 p. m. 


E. Reitler, F, Berger, 
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Notice. 


he V‘ Congress will be held at the beginning of Septem- 
ber 1909 in Copenhagen. 

The Principal Questions to be first of all discussed at 
this Congress are noted on the next page. 

Papers dealing with these Principal Questions 
should be sent in to the respective Member of Council or to 
the General Secretary, Vienna (Austria) II NordbahnstraBe 50 
not later than 1%* January 1909. 

Such papers should if possible not exceed 8 octavo 
printed pages, the Council not being able to print longer 
papers in view of the very heavy expenses of publication in 
three languages. 

The reports of Commissions and Referees nominated 
for technical problems — noted further on — should like- 
wise be sent in not later than the 1*t January 1909. 

In order to give a correct idea of the general drift of 
all papers, the authors are urgently requested to attach 
a short abstract of the same, which will form the basis of 
discussions at the Congress. 


if 


Principal Questions 
to be first of all discussed at the V“ Congress 
at Copenhagen 1909. 


A. Metals: 


a) Metallography, 

®) Hardness testing, 

c) Impact tests, 

ad) Testing metals by alternating stresses, thermal treatment etc. 
e) Testing of cast iron, 
f) Influence of increased temperature on the quality of metal. 


B. Hydraulic Cements: 


g) Reinforced concrete, 

h) Progress in the Methods of testing, 

4) Cement in sea-water, 

Jj) Constancy of volume, 

kt) Tests by means of prisms and standard sand, 
l) Weathering resistance of building stones. 


C. Miscellaneous: 


m) Oils, 

n) Caoutchouc, 

0) Wood, 

p) Paints on metallic structures. 


II. 


List of technical problems, 


committees and referees. 


(The exact adresses are to be found in the Members List.) 


Problem 1. 


On the basis of existing specifications to seek methods and 
means for the introduction of international specifications for testing 
and inspecting iron and ‘steel of all. kinds. (Proposed at the Zurich 
Congress 1895. Enlarged at the Budapest Congress 1901.) 


Chairman of the Commission: Dr. A: Rieppel, Nuremberg. 

Vice-Chairman: G. Alpherts, The Hague. 

Members: W.H. Verhoop, Liege; F. Ollgaard, Copenhagen; 
A. Martens, Gr.-Lichterfelde; F,W. Harbord, London; W.C. 
Unwin, London; J..H. Wicksteed, Leeds; A. Bécard, ‘Paris; 
L, Baclé, Paris; J. Schroder van der Kolk, The Hague; W. A. 
Verhoop, Liege; C. Guidi, Turin; .E. Mayrisch, Diidelingen, 
Luxemburg; A. v. Dormus, Vienna; N. Belelubsky, St. Peters- 
burg; N. B. Bogouslawsky, St. Petersburg; N. Chtchoukine, 
st. Petersburg; B. Herberz, St. Petersburg; B. Koslowsky, St. 
Petersburg; P. Babouroff, St. Petersburg; Gunnar Dillner, Stock- 
holm; Ant. Schrafl, Lucerne; M. Cano y de Leon, Madrid; 
H. H. Campbell, Steelton, Penna,; J. Christie, Philadelphia, Pa.; 
Carnegie Steel Company Ltd. (Repr.: John Mc. Leod), Pitts- 
burg; Franklin Institute (Repr.: Wm. H. Wahl), Philadelphia; 
P. Kreuzpointner, Altoona; R. Moldenke, New York; W.R. 
Webster, Philadelphia; Walter Wood, Philadelphia. 
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Problem 2. 


To establish methods of inspection and testing for determining 
the uniformity of individual shipments of iron and steel and to 
study how the ball pressure tests can be used for piece tests. 
(Proposed at the Stockholm Congress 1897. Enlarged at the Brussels 
Congress 1906.) 

Chairman of the Commission: Ast, Vienna. 

Members: H. I. Hannover, Copenhagen; F. Bocking, Ditissel- 
dorf; A. Martens, Gr.-Lichterfelde, K. Luta Mumighgeeie es 
Essen a. d. Ruhr; A. Riepel, Nuremberg; Sugg, KGnigshiitte, Ober- 
Schiesien; R.A. Hadfield; Sheffield; J..E. Stead) Middlesborough; 
H.R. J. Burstall. London;- E. W. Monkhouse, London; W. C. 
Unwin, London; J. Cohade, Le Creusot; FE. Detstai eae. 
A. Pourcel, Paris; A. Sauvage, Paris; L. Bienfait, Amsterdam; 
ot. Fadda, Turin; C. Guidi, Turin; Technicals @oiereman 
Trondhjem, Trondhjem (Norway); B. Kirsch, Vienna; A. Sailler, 


Vienna; F. Baerlin, Lisbonne; N. Belelubsky, St. Petersburg; ~ 


J. Drouginine, St Petersburg; Furst A. Gagarine, St. Petersburg; 
M. Guédéonoff, Kiev; A. de Jechotarsky, St. Petersburg; 
A. von Julin, Fiskars (Finland); Rud. Kolster, Helsingfors; 
N. Lamine, St. Petersburg; J. A. Brinell, Stockholm; B. H. Wallin, 
Gothenburg; Materialprufungs-Anstalt am eidgen. Poly- 
technikum (Laboratory for Testing Materials), Zurich; Klerits, 
Belgrad; Lorenzo de la Tejera, Madrid; C. v. Banovits, Buda- 
pest; S. Rejto, Budapest; J. Seefehlner, Budapest; Booth, 
Garrett & Blair, Philadelphia; Th. Gray, Terre Haute, Ind.; 
C. Gus. Henning, New York; P. Kreuzpointner, Altoona, Pa.; 
A. A. Stevenson, Burnham, Pa.; W.R. Webster, Philadelphia; 
A. Sauveur, Boston, Mass. 


Problem 4, . 
Methods for testing welds and weldability. (Proposed at 
the Zurich Congress 1895.) tt 
No special referee nominated. 


Problem 6. | 
On the most practical methods of polishing and etching for 
the macroscopic study of iron and steel. (Proposed at the Zurich 
Congress 1895.) 
No special referee nominated. 


Problem 25. 


To establish uniform methods of testing cast iron and finished 
castings. (Proposed at the Budapest Congress 1901.) 


Chairman of the Commission: R. Moldenke, New York. 

Members: Doat, Liége; Fr. A. Krogh, Copenhagen; C. Jiingst, 
Charlottenburg; H. Joly, Wittenberg; Wuist, Duisburg; J. E. 
Stead, Middlesborough; G.Charpy, Montlugon(Allier); J.Muysken, 
Amsterdam; S. Fadda, Turin; N. C. Ihlen, Str6mmen per Chri- 
stiania; H. Freiherr v. Juptner, Vienna; Edgar v. Lenz, Traisen 
(N.-Osterreich); Bureau des forges, St. Petersburg; A. Sulzer- 
Grofmann, Winterthur; Al. E.OQuterbridge Jr., Philadelphia; Alb. 
Sauveur, Boston, Mass.; Th..D. West, Sharpsville, Pa. | 


Problem 26. 


Tests with notched bars for ascertaining the relations between 
the different methods of testing and for fixing the numerical values 
representing the different properties of metals. (Proposed at the 
Budapest Congress 1901.) 

No special referee nominated. 


Problem 27. 


Ball-pressure tests for ascertaining the relations between the 
different methods of testing and for fixing the numerical represen- 
ting the different properties of metals. (Proposed at the Budapest 
Congress 1901.) 

No special referee nominated. 


Problem 28. . 


The consideration of the magnetic and electric properties of 
materials in connection with their mechanical testing. (Proposed at 
the Budapest Congress 1901.) 

At the time of this List going to press referees had not yet 
been nominated. E aga 


Problem 36. 


On macroscopic examination of iron. (Drawn up by the 
XI Council Meeting 1903.) 
No special referee nominated. 
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Problem 37. 


On microscopic examination of iron. (Drawn up by the 
XI Council Meeting 1903.) 
No special referee nominated. 


Problem 38. 


' 


The principles for specifications of copper are to be studied. 
(Proposed at the Brussels Congress 1906.) 


Chairman of the Comméssion: Léon Guillet, Paris. 

Members: C. Heckmann, Duisburg-Hochfeld; G. Selve, 
Altena i. W.(Germany); R.T. Glazebrook, Teddington near London; 
F. Tomlinson, Manchester; G. Guillemin, Paris; P. Breuil, 
Paris; Olgouine, Moscou; E. Wehrenpfennig, Vienna, Zug- 
mayer jun., Waldegg (N.-Osterreich); J. Gerwer, Zurich; G. E. 
Skinner, East Pittsburg; H. E. Diller, Chicago. 


Problem 43. 


What effect upon the quality of the metal was produced during 
the forging, hammering, and rolling of ingot iron and steel by 
I. the temperature of the metal a) at the beginning of the operation, 
b) at the end of the operation; Il. the amount of energy impressed 
upon it, e. g. the alteration in dimensions thereby produced. (Re- 
solution of the XVI Council Meeting 1907.) 

No special referee nominated. 


B. Hydraulic cements: 


Problem 7. 


On the relation of chemical composition to the weathering qualities 
of building stones. Influence of smoke, especially sulphurous acid 
on building stones. — On the weathering qualities of roofing slates. 
(Proposed at the Zurich Congress 1895.) 


Chairman of the Commission: A. Hanisch, Vienna. 

Vice-Chairman: P. Lariviére, Paris. 

Members: E. Dietrich, Berlin; E. Glinzer, Hamburg; H. Seipp, 
Kattowitz; A.B. W. Kennedy, London; A. Siemens, London; 
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Bal. J. Vogt, Christiania; A. Greil, Vienna; N. Kournakoff, 
st. Petersburg; N. Lamine, St. Petersburg; J. Maluga, St. Peters- 
burg; Perrimonde, St. Petersburg; A. Wikander, Gdéteborg 
(Sweden); H. Brunner, Lausanne (Switzerland); Grubenmann, 
Zurich; G. Lunge, Zurich; V.Wartha, Budapest; J. F. Kemp, 
New York; M. Merrimann, South Bethlehem (Pa.). 


Problem 9. 


On rapid methods for determining the strength of hydraulic 
cements. (Proposed at the Zurich Congress 1895.) 


Chairman of the Commission: F. Berger, Vienna. 

Members: E. Camerman, Brussels; D. Berg, Aalborg (Den- 
mark); C. Heintzel, Luneburg (Germany); W. Michaélis, Berlin; 
FR. Schott, Heidelberg; J. A. Ewing, Cambridge; E. Candlot, 
Matisse, wiestiager, Paris; Kk, eret, Boulogne s/M.; L. Bienfait, 
Amsterdam; Morris, Christiania; A. Greil, Vienna; T. Behrmann, 
Riga (Finnland); N. Belelubsky, St. Petersburg; N. Bogdanoff, 
st. Petersburg; L. Proskuriakoff, Moscow; T. Schilling, Moscow; 
A. Wikander, Goteborg (Sweden); D. v. Nagy, Budapest; W. W. 
Maclay, Glens Falls, N. Y.; Ch. F. Mc Kenna, New York. 


Problem 10. 


To digest and evaluate the resolutions of the conferences of 
1884—1893, concerning the adhesive qualities of hydraulic cements. 
(Proposed at the Zurich Congress 1895.) 


Referee: R. Feret, Boulogne s/M. 


Problem 11. 


To establish methods for testing puzzolanas with the object 
of determining their value for mortars. (Proposed at the Zurich 
Congress 1895.) 


Chairman of the Commission: G. Herfeldt, Andernach. 

Vice-Chairman: C. Segré, Ancona. 

Members: E. Camerman, Brussels; C. van Bogaert, Ant- 
werp; M. Gary, Gr.-Lichterfelde; W. Michaélis, Berlin; P. 
Wagner, Cologne; A. Mesnager, Paris; R Feret, Boulogne s/M.; 
A. P.M. Kaptein, Utrecht (Hollande); J. A. van der Kloes, Delft 


(Hollande); A. Arlorio, Turin; S. Canevazzi, Bologne; C. Catta- 
neo, Ancona; Ceradini, Rome; G. Giorgis, Rome: C. Guidi, Turin; 
O. Rebuffat, Naples; A. Greil, Vienna; H. Hilltnger, Vienna; 
N. Bogdanoff, St. Petersburg; F. Konossewitsch, St. Petersburg; 
A. Lundteigen, Union City (Mich.). 


Problem 12. 


Investigation on the behaviour of cements as to time of 
setting and on the best method for determining the beginning and 
the duration of the process of setting. (Proposed at the Zurich 
Congress 1895, enlarged in conformity with the resolution of the 
Budapest Congress 1901.) 


No special referee nominated. 


Problem 30. 


Determination of the simplest method for the separation of 
the finest particles in Portland cement by liquid and air eth 
(Proposed at the Budapest Congress 1901.) 


Chairman of the Commission: M. Gary, Gr.-Lichterfelde. 

Members: A. Dyckerhoff, Biberich a. Rh.; Bamber, London; 
A. Mesnager, Paris; Lejeune, Le Teil (France); Mayntz- 
Petersen, Copenhagen; Eidgendéssische Materialprifungs- 
Anstalt (Laboratory for Testing Materials), Zurich. 


Problem 31. 


On the behaviour of cements in sea-water. (Proposed at the 
Budapest Congress.) 


No special referee nominated. 


Problem 32. 


On accelerated tests of the constancy of volume of cements. 
(Decision of the Zurich Congress 1895.) 


Chairman of the Commission: Bertram Blount, London. 
Members ; Hiertz, Seraing; Mayntz-Petersen, Copenhagen; 
Ferd. M. Meyer, Malstatt-Burbach b. Saarbrticken (Germany); 


F. Schott, Heidelberg; R. Curling-Styles, Kent; E. Leduc, 
Paris; L. Bienfait, Amsterdam; O. Rebuffat, Naples; O. Carlsen, 


Christiania; A. Greil, Vienna; Th. Pierus, Vienna; A. Baykoff, 
St. Petersburg; O. Blaese, Port Kunda per Wesenburg (Russia); 
E. Schwarz, Noworossiisk (Russia); V. Tagnéef, St. Petersburg; 
Des. Nagy, Budapest; Jos. Zhuk, Budapest; Spencer B. New- 
berry, Sandusky (Ohio); Rob. W. Lesley, Philadelphia. 


Problem 33. 


On the influence of the proportion of water and sand on the 
strength of Roman and other cements. (Proposed at the Budapest 
Congress 1901.) 

Referee: Hungarian Society for Testing Materials. 


Problem 40. 


Study of the unification of specifications for gypsum. (Proposed 
at the Brussels Congress 1906.) 


Referees: Max Gary, Gr.-Lichterfelde; R. Feret, Boulogne- 
sur-Mer. 


Problem 41. 


Investigations of reinforced concrete. (Proposed at the Brussels 
Congress 1906.) 


Chairman of the Commission; Vacant.*) 
Vice-Chairmen: Schtile, Zurich; 
Germelmann, Berlin. 


Members: W.H. Warren, Sydney; Paul Christoph, Brussels; 
E. Suenson, Copenhagen; T. Grut, Copenhagen; Alf. Htiser, 
Oberkassel (Germany); E. Zublin, StraBburg i. E. (Germany); 
A. Martens, Gr.-Lichterfelde; Blirstenbinder, Hamburg; Edwin 
O. Sachs, London; Max Clarke, London; Rabut, Versailles; 
Meertesiiager, Patis: R. Ferét, Boulogne; Tricon, Paris; S.J. 
Rutgers, Rotterdam; Silvio Canevazzi, Bologna; Camillo Guidi, 
Turin; Claudio Segre, Rome; R. Norwegien Road-Department 
in Christiania; J. Melan, Prague; B. Kirsch, Vienna; F. v. Em- 
perger, Vienna; N. Belelubsky, St. Petersburg; Droujinine, 
St. Petersburg; Jitkewitsch, St. Petersburg; Boguslawsky, 


*) At time of this List going to press Mr. Considére having just resigned 
his functions as chairman of the Commission. 
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ot..Petersburg; Abramoff, St. Petersburg; Fo Schule Zunens 
R. Maillart, Zurich; Richard Zielinski (Szilard), Budapest; Josef 
Schustler, Budapest; A. Czako, Budapest; A. N. Talbot, Illinois. 


Problem 42. 


Uniform tests of hydraulic cements by prisms and determi- 
nation of a standard sand. (Proposed at the Brussels Congress 1906.) 


Chairman of the Commission: F. Schtile, Zurich. 

Members: Laboratoire des Ponts et Chaussées, Boulogne s/M. 
(R. Feret); Laboratoire des Ponts et Chaussées, Paris (A. Mes- 
nager, Mercier); Laboratoire du Conservatoire des Arts et Métiers, 
Paris (Leduc); Kgl. Material-Priifungsamt, Gr.-Lichterfelde 
(A. Martens, M. Gary); Laboratorium des Vereines deutscher 
Portland-Zementfabrikanten, Karlshorst bei Berlin (Framm); Eid- 
genossische Material-Priifungsanstalt, Zurich (Schtle); Labora- 
toire méc. de l'Institut Imp. des voies de comm., St. Peters- 
burg (N. Belelubsky, Bogdansky); Mechanisch-technisches 
Laboratorium der technischen Hochschule, Wien (B. Kirsch); 
Danische Staatspriifungsanstalt in Copenhagen (M ayntz-Petersen); 
Ecole d’applications pour les Ingeniéurs, Bologna (S Canevazzi); 
Laboratoire de 1’Arsenal de 1’Etat Belge, Malines (E. Camerman); 
Material-Prifungsanstalt von Bienfait & Koning, Amsterdam 


(L. Bienfait); Materials Testing Laboratory United States Geolo- 


gical Survey (L. Humphrey), St. Louis, Mo. 


C. Sundries: 


Problem 18. 


On the methods of testing the protective power of paints used 
on metallic structures. (Proposed at the Zurich Congress 1895.) 


Feferee: At the time of this List going to press referees had 
not yet been nominated. . 


Problem 24, 


On uniform nomenclature of iron and steel. (Resolution of 
Council, February 3™¢ 1901.) sl 


Chairman of the Commission: M. Howe, New York. | 
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Vice-Chairman: L. Lévy, Paris; D. Tschernoff, St.Petersburg. 

Secretary of the Commission: Alb. Sauveur, Boston. 

Members: Van Drunen, Ixelles; H. Truxen, Copenhagen;. 
MH. Wedding, Berlin; H. Brauns, Dortmund; E, P. Martin, 
South Wales; A. Pourcel, Paris; :K. F. Koning, The Hague; 
P. Verole, Milan; A. Baalsrud, Christiania; A, R. v. Dormus, 
Vienna; A. Sailler, Vienna; Bureau des forges, St. Petersburg; 
Prof. N. Belelubsky, St. Petersburg; N. Jossa, St. Petersburg; 
MeeKorobkoff, St. Petersburg; S. Smirnoff, St. Petersburg; 
H,-H.-Campbell, Steelton, Pa. | 3 | 


Problem 34. 


Fixing a uniform definition and nomenclature of the bitumens. 
(Proposed at the Budapest Congress 1901.) 


Charrman of the Commission: Vacant. Mr. Lunge having 
resigned his office. 

Vice-Chairman: Jend Kovacs, Tataros (Mezo _ Telegd),. 
(Hungary). | 

Members: M. Albrecht, Hamburg; Eger, Munich; D. Holde, 
merine bocherer, Paris: En. Potérno,: Rome; L. Schmelk, 
Christiania; M. Bohm, M.-Ostrau (Austria); B. Kirsch, Vienna;. 
A. Grittner, Budapest; A. W. Dow, Washington; Clifford 
Richardson, Long Island City, N. Y. 


Problem 35. 


Study of the methods of testing caoutchouc. (Proposed at the 
Budapest Congress 1901.) 
Chairman of the Commission: E. Camerman, Brussels. 

Members:- Engelbert, Liege; A. Jacobsen, Copenhagen; 
Meer, Munich; P. Breuil, Paris; G.-B. Pirelli, Milan; E. Si- 
monsen, Christiania; A. R. v. Boschan, Vienna; B. Kirsch, 
Vienna; B. Kempe, St. Petersburg; Fr. Maly, Budapest; R. G. 
Pearson, New York. ) 


Problem 39. 


Study of the principles of specifications of oil for technical 
purposes. (Proposed at the Brussels Congress 1906.) 


Chairman of the Commission: M. Albrecht,.Hamburg. 
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Vice-Chairman: E. Camerman, Malines (Belgium). 

Members: A. Jakobsen, Copenhagen; Holde, Gr.-Lichterfelde; 
Havald Buch, Christiania; R. T. Glazebrook, Teddington near 
London; P. Breuil, Paris; H. Baucke, Amsterdam; H. Cattaneo, 
Rome; J. Grofimann, Wien; R. Kind, Aussig a. E. (Austria); 
Gebriider Sulzer, Winterthur; A. H. Gill, Boston; H. A. Julius, 
Midland Junction, Western Australia. 


INTERNATIONAL ASSOCIATION 
OO FOR TESTING MATERIALS OO 


General Secretary’s Office: Vienna, Austria, II/2, Nordbahnstrafie 50. 


Membership. 


The annual subscription for each member is at least 
6 s or 1.50 §. 
Those wishing to join the International Association 
should apply: 
for GREAT BRITAIN, to M. Bennett H. Brough, General Secretary of 
The Iron and Steel Institute, London, 
35 THE UNITED STATES OF AMERICA, to Prof, Edgar Marburg, 


Secretary of the Am. Soc. Test. Mat., Philadelphia, 
5, AUSTRALIA, to Prof. W. H. Warren, University of Sydney. 


Papers of the IV‘® Congress, 
held at Brussels 1906. 


These can be obtained from the General Secretary at 
the rate of 0.25—1 K each. The Minutes of the Congress 
Proceedings 2 K a copy. (1 K = 10 d = 20 cents.) 


Obtainable at all booksellers: 


»Methods of Testing metals and alloys, hydraulic 
cements and woods, clay, stoneware and cement pipes“, 
recommended by the IVth Congress E. & F. N. Spon Ltd., 
London. Spon & Chamberlain, New York. (Price 1 s.) 


OO Edited by the International Association for Testing Materials. OO 
Printed by Paul Gerin, Vienna. 
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Bennett H. Brough fT. 


ie International Association have suffered a severe loss 

in the death of Mr. Bennett H. Brough, Secretary of 
the Iron and Steel Institute, Delegate for Great Britain in the 
Council of the Association. He died October 3°¢ at Newcastle 
on Tyne. 

Throughout the two years during which he was actively 
engaged in his work as Council’s Member, Mr. Brough con- 
tinued to promote the interests of the Association with the 
utmost energy and success. 

The Association will always hold his name in grateful 
ee and remembrance. 

r. J. P, Sidney, Assistant Secretary of the Iron and 
Steel Bedi: has kindly undertaken to carry on the business 
of Council’s Member until the election of a new Delegate for 
Great Britain shall be completed. 


The V™ Congress at Copenhagen. 


The Organisation Committee of the V‘ Congress have 
decided to hold the Meetings in Copenhagen from 7‘ until 
11° September 1909. These Meetings will be followed by 
technical excursions. 
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Changes in the Commissions. 
(See Proceedings No. 2.) 


Problem 1 (International standard specifications for iron and steel): 


Mr. F. E. Robertson, M. Inst. C E London, joined. 


Problem 2 (Homogeinity of iron and steel): 


Mr. W. Ast, Chairman. resigned on account of health. 


Problem 38 (Specifications for copper): 
Prof. R. v. Stockert, Vienna, joined. 


Mr. J. Gerwer, Zurich, resigned. 


Problem 41 (Iron concrete): 


Prof, FH. Schule, Zurich Chairman, vice Mr. Considére 
resigned, but remaining in the Commission as member. 

Prof. A. N. Talbot, Urbana, Ill., new Vice-Chairman. 

New members: Mr. V. Brausewetter, Vienna, Prof. E. 

Turneaure, Madison, Wis. 


Problem 24 (Nomenclature of iron and steel): 


New members: Prof. H. Le Chatelier, Paris, Mr. F. Osmond, 
Paris, Prof. W. Campbell, New York 


As regards the insertion of advertisements in this paper, 
ra a 


see last page. 


Notice: Messrs, W. Ernst & Sohn, Berlin, the publisher of the German. 


book on the resistance of stones entitled: Die Prufung der natiirlichen 
Bausteine auf ihre Wetterbestindigkeit* von Prof, Dr. J, Hirschwald 


36 M.; offer the same to members of the International Association at the 
reduced price of 25 M, 


Annex to “Proceedings“ N? 3. 
December 1908. 


Principal Questions 


to be first of all discussed at the V® Congress at 
Copenhagen 1909 and the 


official referees. 


(The complete list of all official and non-official papers will be given in No 4.) 


A. Metals: 


a) Metallography. Prof. E. Heyn, Gr.-Lichterfelde W. 

b) Hardness testing. Dr. P. Ludwik, Vienna, 

¢) Impact tests. Mr. G. Charpy, Montlucon. 

d) Testing metalsby alternating stresses, thermal treatment etc. 
Mr. E. J. Howard, Watertown, Mass. 

e) Testing of cast iron. Dr. R. Moldenke, New York. 

f) Influence of increased temperature on the mech. qualities 
of metals. Prof. M. Rudeloff, Gr.-Lichterfelde W. 


B. Concrete, Hydraulic Cements, Stones: 


g) Reinforced concrete. Prof. F. Schiile, Ztirich. 

h) Progress in the Methods of testing. Mr. R. Feret, Bou- 
logne s. M. 

4) Cement in sea-water. Prof. A Baykoff and Mr. W. 
Czarnomsky, St Petersburg. 

Jj) Constancy of volume. Mr. B. Blount, London. 

k) Tests by mcans of prisms and standard sand. Prof.F. Schiile, 
Zurich. 

) Weathering resistance of building stones. Prof. A Hanisch, 
Vienna. 

C. Miscellaneous: 


m) Oils. Dr. M. Albrecht, Hamburg. 

nm) Caoutchouc. Mr. E. Camerman, Brussels. 

0) Wood. Mr. G. Pinchot, Forest Service, Washington. 

p) Paints on metallic structures. Mr. S. S. Voorhees, 
Washington, and Prof. M. Rudeloff, Gr.-Lichterfelde W. 


“ ») : ‘ ee i, ‘.. ‘ ire 
; eV Ye OMIS noord be 


ROG T “4! BA et 
oe et ne cn i soe em ee la mn, Ma et Be! a. 
Kee 
{ 2 E 
x 
2 
ae : 
4 


EOLIEDS Sages: SEO Es aia 
Ay. a8) 1é ebodiont 3 


Pr. ve 

: idaete?: ae 

: Ul SoMa eimatos 
liso slob Rise Dishes alee sea Hy i 288 eth 


ne ee One ey ee 
‘? 


rmoeiitahi A lor een bier es sunt 


: svoOsoal atte eee a0 - 
Patri ie shoo a 


’ ; Oh Toe OY SOPs] degaaae Eneas. “f 
4 25 800 Ferrer nhh: eoutih on ehee ‘ett | 


Sf vi Noten t ea do a5 ik ff dont wit is 


Index of Publications concerning Testing 
Materials,*) 


In the following we begin a review of all the more im- 
portant works relating to the domain of the testing of materials, 
which have been issued since the meeting of the last congress 
in September 1906, The large number of the publications 
obliges us to confine ourselves to the time reaching to the end 
of 1907. We shall follow these up as soon as possible with the 
publications of the year 1908. 


Although this review may, in spite of all efforts, contain 
gaps, it may fairly claim for itself the advantage that it gives 
an account of the publications in the domain of the testing of 
materials in a comprehensive manner not attained by any of 
the excellent existing reviews with large means at command. 


The most valuable feature of the review, however, 
does not appear to us to consist in its comprehensive- 
ness, but much more in the attention drawn by it to 
the works of the national societies and laboratories 
all over the world, the titles of which in other publi- 
cations are absent or difficult to find. 


In this direction we wish to attain the greatest 
possible completeness. 


Many laboratories have already earned our warmest 
thanks by sending us summaries of the contents of their 
publications. 

We should be glad to see our endeavours aided by other 
laboratories and societies in the same manner, and to be placed 
in a position to be able to give information about all works 
of investigation in existence and all experiences obtained in 
the domain of the testing of materials. 


*) If the publication be in French, German, or English, the title is given 
in the language in question in spaced type. 
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Liste des journaux indexes. 
Liste der behandelten Zeitschriften. 
Titles of the Journals indexed. 


American Journal of Science. 

American Machinist. 

American Society Testing Materials, Propeedings, 
Annales des Ponts et Chaussées. 

Architect’s and Builder’s Magazine. 

Ass, itat. per gli studi sui mat, d. costr. 

Atti della Reale Academia dei Lincei. 


Baumaterialienkunde. 

Beton ‘und Eisen. 

Brass World. 

British Fire Prevention Committee, Red Books. 

Bull de la Société d’Encouragement pour 

~1’Ind. Nat. 

Bull. de ’Industrie Minérale. 

Bull. du Laboratoire d’Essai du Conservatoire 
des Arts et Mét. 

Bull. American Society Mining Engineers. 

Bull. Engng. Experiment Station University of 
Illinois. 

Bureau of Chemistry U. S. Dep. Agriculture, 
Bulletins, Circulars, 

Bureau of Standards U. S. Dep. Comm. and 
Lab., Bull. 


Calif. tetas of Techn. 
. Cement. 
Cement Age. 


yee Clay Record. 


Concrete and Constructional Engeneering. 


Den tekniske Forenings Tidskrift. 
De Ingenieur, Gravenhage. 
Deutsche Bauzeitung. 

_Dingler’s Polytechnisches Journal. 


Echo de l’Industrie. 

Electrical Review, London. 
“Electrical Review, New York. 
Electrical World. 

Electrician. 

Electrochemical and Met. Industry. 
Engineer, Chicago. 

Engineer, London. 

Engineering. 

Engineering and Mining Journal. 
Engineering Contracting. 
Engineering News. 

Engineering Review, London. 
Engineering Record. 

Engineering Times. 


Epitési Ipar, Budapest. 

-Fer. et Acier. 

Forest Service, U. S. Dep. Agric. Bulletins, 
Circulars. 

Foundry. 


Génie civil. 
GiefSferei-Zeitung. 
Harvard Engng. Journal. 


Ingeniéren. 

Ing. ferroviaria. 

Jron Age. 

Iron and Coal Trades Review. 
Ironmonger. 

Tron Trade Review. 


Journal of the Frankline Institute. . 
Journal of the Inst. of Civil Engineers. 
Journal of the R. Inst. of British Architects. 


Journal of the Iron and Steel Institute, 
Journal Soc. Chem. Ind. 

Journal of the Worcester Polyt- Inst. 
Journal of the U. S. Artillery. 


La Locomotion Automobile, 


Machinery. 

Mechanical Engineer. 

Mechanical World. 

Mém. de la Société des Ingénieurs civils. 

Mining Reporter. 

Mines and Minerals. 

Mitt. der k. k. forstlichen Versuchsanstalt 
Mariabrunn. 

Mitt. des k, k. techn. Gewerbemuseums, Wien. 

Mitt. des kgl. Materialpriifungsamts Grof- 
Lichterfelde. 

Monitore Tecnico. 

Municipal Engineering. 


Oesterr. Wochenschrift fiirden 6ffentl. Baudienst. 
Oesterr. Zeitschrift fiir Berg- und Hittenwesen. 
Oesterr. Zeitschrift fiir Optik und Mech. 
Oesterr. Vierteljahrschr, fiir Forstwesen. 
Office Public Roads U.S. Dep. Agric., Bulletins, 


Practical Engineer. 

Proc. Am. Institute Electr. Engineers. 

Proc, Am, Soc, Civil Engineers. 

Proc. Am, Soc. Mech, Engineers. 
Proc. Inst. Civil Engineers. | 
Proc. Inst. Electr. Engineers, 

Proc. Inst. Mec. Engineers. 

Proc. Physical Society. 


Railway Age. 

Railroad Gazette. 

Report of the Tests made at Watertown Ar- 
senal, Mass. 

Réunion des membres frang. et belges de l’As- 
sociation Int. Ess. Mat., Procés verbaux. 

Revue de 1l’Electricité. _ ; 

Revue Electrochim. et Electromet. 

Revue gén, des chemins de fer, 

Revue gén. des Sciences. 

Revue des Matér. de Constr. et des Travaux ~ 
Publics. 

Revue de Mécanique. 

Revue de Métallurgie. 

Revue Minéralogique. 
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Schweizerische Bauzeitung. x 
Sitzungsberichte d. kais. Akademie der Wissen- 
schaften, Wien. : 
Stahl und Eisen. = 
Stevens Institute Indicator, Hoboken, 4 


La Technique Automobile. 
Tonindustrie-Zeitung. 
Transactions Am, Inst. Mining Eng. 


U. S. Geological Survey, Dep. of Interior. “3 


| Zeitschrift der Dampfkessel-Untersuchungs- und 


Versicherungs-Gesellschaft, Wien. 
Zeitschrift des Osterr. Ingenieur- u. Arehitekten- : 


Vereines. 
Zeitschrift des Vereines Deutscher Ingenieure. — 7 
Zeitschrift fir anorganische Chemie. 4 


Zentralblatt fiir Bauverwaltung. 


Zeitschrift fiir Dampfkessel- und Maschinenbetr, 4 
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Conditions de réception et méthodes d’essai normales*). 


Finheitliche Lieferungsbedingnisse und Prifungs- 
verfahren”). 


Standard Specifications and methods of testing”). 


Meéthodes d’essai des métaux et des alliages, des agglomérants hydrau- 

liques, du bois, des tuyaux en terre cuite, en grés et en ciment, recom- 

mandées par le [Vieme Congrés de Vv Association Internationale pour 

VEssai des Matériaux a Bruxelles 3—6 sept. 1906. — Paris, H. Dunod 
& £. Pinat. 1907. 


Verfahren zur Priifung von Metallen und Legierungen, von hydraulischen 

Bindemitteln, von Holz, von Ton-, Steinzeug- und Zementrohren. Em- 

ptohlen von dem in Briissel vom 3. bis 6. September 1906 abgehaltenen 

lV. Kongresse des Internationalen Verbandes fiir die Materialpriifung 
der Technik. Leipzig und Wien, Franz Deuticke. 1907. 


Methods of testing metals and alloys, hydraulic cements and woods, clay, 

stoneware and cement pipes. Recommended by the [Vth Congress of the 

International Association for Testing Materials, he/d a_ Brussels, 

Sept. 3—6, 1906. London: E. & F. N. Spon, Ltd., New-York: Spon & 
Chamberlein. 


American Society for Testing Materials. 
Univ. of Pennsylvania, Philadephia, Pa, 


Standard Specifications. 


Einheitliche Lieferungsbedingungen. — Conditions de réception normales. 


1. Stand, Spec. for Structural Steel for Bridges, 1905, — Einh. Lfgsb. © 
fur Stahlmaterial fiir Briicken. — Cond. de réc. norm. pour l’acier de 
construction pour ponts, 

-2. Stand. Spec. for Structural Steel for Ships, 1901. — Einh. Lfgsb, fiir 
Stahlmaterial fir Schiffe. — Cond,.de réc, norm. pour l’acier pour con-. 
structions navales. 


*) Dans cette catégorie les publications parues avant Septembre 1906 ont 
été indiquées. 
*) Hier wurden auch Verdffentlichungen beriicksichtigt, die vor September 1906 
erschienen sind, : 
_ *) Publications belonging to the time previous to September 1906 would 
be dealt with here. 
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. Stand, Spec. for Structural Steel for Buildings, 1901. — Einh. Lfgsb. 


fiir Stahlmaterial im Hochbau. — Cond. de réc, norm. pour l’acier de 
construction pour batiments, 


. Stand. Spec. for Open-Hearth Boiler Plate and Rivet Steel, 1901. 


— Einh, Lfgsb. fiir Martinstahl-Kesselblech und Nietstahl. — Cond. de réc. 
norm. pour les téles de chaudiére en acier Martin. 


. Stand. Spec, for Steel Rails, 1907. — Einh. Lfgsb. fur Stahlschienen. — 


Cond, de réc. norm. pour les rails en acier. 


Stand. Spec. for Steel Splice Bars, 1901. — Einh, Lfgsb, fiir Stofver- 
bindungslaschen. — Cond. de réc, norm, pour les éclisses en acier.& 


. Stand. Spec. for Steel Axles, 1905. — Einh. Lfgsb. fur Stahlachsen. — 


Cond, de réc. norm, pour les essieux en acier. 


. Stand. Spec. for Steel Tires, 1901. — Einh. Lfgsb. fiir Radreifen aus 


Stahl. — Cond, de réc. norm. pour les bandages en acier. 


. Stand. Spec. for Steel Forgings, 1905. — Einh. Lfgsb. fiir Schmiede- 


stiicke aus Stahl. — Cond. de réc. norm. pour piéces forgées. 


. Stand. Spec. for Steel Castings, 1905 — Einh, Lfgsb. fiir Stahlgu8. — 


Cond. de réc. norm. pour des moulages d’acier. 


. Stand. Spec. for Wrought Iron, 1901. — Einh. Lfgsb. fir Schmiede- 


eisen. — Cond. de réc. norm. pour le fer soudé. 


. Stand. Spec. for Foundry Pig Iron, 1£04. — Einh. Lfgsb. fiir graues 


Roheisen. — Cond. de réc, norm. pour la fonte grise de moulage. 

. Stand. Spec. for Cast Iron Pipe and Special Castings, 1904. — 
Einh, Lfgsb. fiir Gufeisenrohre und Spezialgu8. — Cond, de réc. norm. 
pour les tuyaux en fonte et l’acier spécial. — 

. Stand. Spec. for Locomotive Cylinders, 1904. — Einh. Lfgsb. fiir 
Lokomotiv-Cylinder, — Cond. de réc. norm. pour les cylindres de loco- 
motives. 


. Stand, Spec, for Cast Iron Car Wheels, 1905. — Einh, Lfgsb, fir Guf- 


eisen-Rader. — Cond. de réc, norm. pour les roues de voiture en fonte. 


. Stand. Spec. for Malleable Castings, 1904. — Einh. Lfgsb. fiir schmied- 


baren Guf. — Cond, de réc. norm, pour la fonte malléable, 

. Stand. Spec. for Gray Iron Castings, 1905. — Einh, Lfgsb. fiir Grau- 
gu. — Cond, de réc, norm. pour les moulages de fonte grise. 

. Stand. Spec. for Cement, 1904. — Einh. Lfgsb, fur Zement. — Cond. 


de réc, norm, pour le ciment. 


. Stand. Test for Fireproof Floor Construction, 1907. — Einh. Lfgsb. 


fur feuerfeste Deckenkonstruktionen. — Essais normaux des planchers 
refractaires. 


Stand. Spec, for Structural Timber, 1907. — Einh. Lfgsb. fiir Bauholz. 
— Cond. de réc. norm. pour les bois de construction: 


Vorlagen des ,,Deutschen Verbandes fiir Materialpriifungen der Technik“. 


Nr. 


Nr. 


Prescriptions de l’Ass, allemande pour l’essai des matériaux. 
Standard Publications of the German Association for the Testing of Materials. 


Grof—Lichterfelde W. 3. 


1. Grundsdatze fiir einheitliche Materialpriifungen, 1900, — Principes 
pour l'unification des méthodes d’essai, — Principles for standardizing the 
methods of testing. 


2. Einheitliche Verfahren, um die Puzzolane auf-ibbem mortel- 
technischen Wert zu priifen. 1900. — Méthode normale pour 1’essai 
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des. puzzolanes au point de vue de Jeur valeur pour la fabrication des 
mortiers, — Standard methods for. testing puzzolanas with the object of 
determining their value for mortar. 

Nr, 23.*) Einheitliche Vorschriften fir Oberbaueisen, 1904, — Prescriptions 
normales pour le matériel métallique de la voie, — Standard specifications 
for the permanent way iron material. 

Prog4.) Einheitliche Vorschriften fur Bauwerkeisen (Kisen- 
konstruktionen fiir Brtiicken- und Hochbau). 1904. — Prescr. norm, 
pour le fer des charpentes métalliques. — Stand. spec, for bridge and 
building-construction iron. 


Nr. 25.*) Einheitliche Vorschriften fir Schiffbaueisen, 1904, — Prescr, 


norm. pour le fer des constructions navales, — Stand. spec. for iron for 
shipbuilding. 

Nr. 26.*) Einheitliche Vorschriften fir Walzrohre, 1904. — Prescr, 
norm. pour les tuyaux laminés. — Stand. spec. for rolled steel pipes. 

Nr. 27.*) Einheitliche Vorschriften fiir Draht, 1904. — Presc. norm, pour 
le fil d’acier. — Stand. spec. for steel wire. 


Nr, 32. Grundsatze ftir die Priifung von MineralschmierGlen, von 
Leucht6l (Mineralél), Gas6l, Putzél, Benzin und Paraffin. 1907. 
Principes pour l’essai des lubrifiants minéraux, pétrole lampant, gazoline, 
huiles lourdes, benzine et paraffine. —- Principles for the testing of mineral 
lubricating oils, lighting oil (mineral oil), gas-oil, polishing oil, benzine, 
and paraffine, 1907. 

Nr. 85. Die Kerbschlagprobe. 1907. — L’essai au choc sur barreaux entaillés, 
— Impact tests on notched bars, 


*) Als Vorarbeiten fiir die ,Einheitlichen Vorschriften* sind folgende 
Ergebnisse von Sammelarbeiten erschienen, in welchen die wichtigsten 
Mmorsenritten aller grofen=Staaten fir die Qualitat, Prufung und 
Abnahmevon Eisen-undStahlmaterialaller Art zusammengefaftsind: 


*) Comme préparation aux ,Prescriptions normales‘, on a 
Basie les Résultats des travaux de documentation ci-apres, dans les- 
quels sont rassemblées les Prescriptions les plus importantes de 
tous les grands Etats relativement a la qualité, a lVessai et ala 
Peeeption des matériaux de tout genre en.fer et en acier: 


*) As preliminary studies to the Standard specifications the 
following ‘Results of Collecting Work’ have heen published, in 
which the most important prescriptions of all great states for the 
quality, testing and inspecting of all kind of iron and steel are 
condensed: 

Ergebnisse der Sammelarbeiten. 


' Résultats des travaux de documentation. — Results of Collecting Work. 
Heft I—VIII. 
Vorlage Nr. 5. — Heft I. Zur Einftithrung. — Introduction. — Introduction. 
Vorlage Nr. 6. — Heft Il. Rollendes Material. — Matériel roulant. — Rolling stock. 
Vorlage Nr. 7. — Heft Ill. Schiffbaueisen. — Fer pour constructions navales, 


— Iron for shipbuilding. 
Vorlage Nr. 8. — Heft IV. Kesselbleche. — Toles & chaudiére. — Boiler plates. 
Vorlage Nr. 9. — Heft V. Walz- und GuSrohre, — Tuyaux en fer laminé et 


en fonte. — Rolled and cast pipes 
Vorlage Nr. 10. — Heft VI. Telegraphen- und Telephondrdahte. — Fils 
télégraphiques et téléphoniques, -- Telegraph and telephone wires. 


Vorlage Nr. 11. — Heft VII. Oberbaueisen, -— Matériel métallique de la voie. 
_ Permanent-way iron-material 
Vorlage Nr. 12. — Heft VIII. Bauwerkeisen, — Fer pour charpentes métal- 
liques. — Structural iron for bridges and buildings. 
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Publications of the Engineering Standards Committee. 
28, Victoria Street, Westminster, London, S, W, 


British Standard Specifications. 


Einheitliche eens Lieferungsbedingnisse. — Conditions de réception normales pour la 


Nr. 


Nr. 


Nr. 


Nr. 


Nr, 


Nr. 


Grande-Bretagne. 


2. Spec. and Sections of British Standard Tramway Rails and 
Fishplates. 1903. —. Bedingnisse und Querschnitte der einheitlichen 
Britischen Tramway-Schiene und -Lasche. — Cond, de réc. et section des 
rails et des éclisses norm, des tramvays. 


- 9, Brit. Stand, Spec. and Sections of Bull-headed Railway Rails. 


1904. — Einh, brit. Lfgsb. und Querschnitte der Doppelkopf-Schiene. — 
Cond. de réc. norm, et section des rails 4 double champignons. 


. fi: Brit: Stand. “Spec? “and Sections of Flat-bottomed Railway 


Rails. 1905. — Einh, brit. Lfgsb. und Querschnitte der breitbasigen 
Schiene. — Cond, de réc. norm, et sections des rails a patin, 

12. Brit. Stand. Spec. for Portland Cement, 1907. — Einh. brit, Lfgsb. 
fir Portlandzement, — Cond. de réc. norm. pour le Ciment Portland. 

13. Brit. Stand, Spec. for Structural Steel for Shipbuilding, 1906. 
— Einh. brit. Lfgsb. fir Stahlmaterial fiir den Schiffsbau. — Cond, de réc. 
norm, pour l’acier des constructions navales. 


. 14. Brit. Stand. Spec. for Structural Steel for Marine Boilers, 1907. 


— Einh, brit. Lfgsb. fiir Stahlmaterial der Schiffskessel. — Cond. de réc, 
norm, pour acier des chaudiéres marines. 


. 15. Brit. Stand. Spec. for Structural Steel for Bridges and General 
Building Construction, 1906. — Einh. brit. Lfgsb. fir Stahlmaterial 


der Briicken- und Hochbauten. — Cond. de réc.-norm. pour lacier de 
charpentes metalliques; 


16. Brit. Stand. Spec. and Tables for Telegraph Material, 1905. — 


Einh, brit. Lfgsb. und Tabellen fiir Telegraphenmaterial. — Cond. de réc. 
norm. et tables pour le matériel télégraphique. 


- 18. Forms of Standard Tensile Test Pieces, 1907. — FEinheitliche 


Form des ZerreiSprobestabs, — Dimensions des éprouvettes normales pour 
les essais de traction. 


. 24; Brit. Stand. Spec. for Material used in the @omecmecceee 


Railway Rolling Stock, 1907. — Einh. brit. Lfgsb. fir das Kon- 
struktionsmaterial der Eisenbahn-Fahrbetriebsmittel, — Cond. de réc. norm. 
pour les matériaux de construction du matériel roulant des chemins de fer, 


. 29. Brit. Stand, Spec. for Ingot Steel Forgings for Marine Pur- 


poses, 1907. — Einh brit. Lfgsb. fir Schmiedestiicke aus Tiegelstahl fur 
Schiffsbauzwecke. — Cond. de réc. norm. pour les pieces de forge ert 
acier pour la construction navale. 

30. Brit. Stand, Spec, for Steel Castings for Marine Puthest® 1907. 
— Einh. brit. Lfgsb. fiir Stahlgu®. fiir Schiffsbauzwecke. — Cond, de réc. 
norm. pour. les motlages d’acier pour la construction navale. 

bl. Brit. Stand. Spec. for Steel. Con ducts for Electric Wiring, 1906. 
— Etnh. brit. Lfgsb. fur elektrische Leitungen aus Stahl, — Cond. de réc, 
norm. pour les cables conducteurs électriques en acier. 

d2. ‘Brit. Stand. Spec, for Steel Bars for use in Automatic 
Machines, 1907. — Einh, brit. Lfgsb. fiir Stahl zum Bau von automa- 
tischen Drehmaschinen. — Cond. de -réc. norm. des barres d’acier pour 
machines automatiques a décolleter. 


No. 3. 


Nr. 83. Brit. Stand. Spec, for Carbon Filament Glow Lamps, 1906. — 
Einh, brit. Lfgsb. fur den Kohlenfaden der Glihlampen. — Cond. de réc, 
norm. des filaments de charbon pour lampes a incandescence. 


Nr. 35. Brit Stand. Spec. for Copper Alloy Bars forusein Automatic 

Machines, 1907. — Einh. brit. Lfgsb, fiir Stangenkupfer zum Bau von 

_ automatischen Drehmaschinen. — Cond. de réc.: norm. des barres en 
laiton ou bronze pour machines automatiques a décolleter, 


Association italienne pour étude des matériaux de construction. 
Italienischer Verband fiir das Studium der Baumaterialien. 
Italian Society for the Study of Building-Materials. 


Methodes d’essai normales des agglomérants hydrauliques, — Einheitliche Prifungs- 
verfahren fiir hydraulische Bindemittel.. — Standard methods for testing 
hydraulic cements, 1906. 

Prescriptions normales pour l’exécution des travaux en béton armé. — Einheitliche 
Vorschriften fiir Bauausfiihrungen in Eisenbeton. — Stand. Prescr. for, 1906. 

Regles générales pour l’essai des fers et des aciers. — Einheitliche Priifungs- 
verfahren fur Eisen und Stahl. — Standard methods for testing iron and 
steel, 1907. 


Prescriptions normales danoises. — D&nische Vorschriften. 
Danish standard specifications. 


1. Cond. de réc, norm. pour le fer de charpentes, — Einh, Lfgsbd. fiir Hoch- 
baueisen. — Stand. Spec. for structural iron for buildings, 1898. 

2. Cond. de réc. norm. pour le fer pour chaudiéres. — Einh, Lfgsbd. fir Dampf- 

- kesselblech, — Stand, Spec. for boiler plates, 1898. 

8. Cond. de réc. norm. pour les tuyaux en fonte et en fer forge. — Einh, Lfgsb. 
fur gub- und schmiedeeiserne Réhren, — Stand. Spec, for cast and wrought 
iron pipes, 1904. 

4, Regles pour les constructions en béton armé, — Vorschriften fiir Eisenbeton- 
bauten. — Prescriptions for reinforced concrete constructions, 1908. 

Approuvées par la Société des Ingénieurs danois, — Angenommen 

vom Danischen Ingenieurverein. — Approved by the Danish Society of 
Engineers, 

5. Presc. norm. pour la réception et l’essai du ciment Portland. — Einh. Vor- 
schriften fur die Lieferung und Priifung von Portlandzement, — Stand. 
Spec. and Methods of testing of Portland cement, 1889. 
1.—4,: Approuvées par la Société des Ingénieurs danois, la Soc. acad. des 
Architectes et la Société Technique. — Angenommen vom Danischen 
ngenieurverein, dem akad, Architektenverein und dem Technischen Verein. 
— Approved by the Danish Soc. of Engineers, the Acad. Society of 
Architects, and the Technical Society. 


Osterreichischer Ingenieur- und Architekten-Verein 
Wien, I.,.Eschenbachgasse 9, 


Prescriptions normales autrichiennes. — Austrian Standard Specifications. 


Bestimmung fir Belastung von Baukonstruktionen und fir Bean- 
spruchung von Baumaterialien, 1902. — Prescriptions relatives a la 
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charge des batiments et au travail des matériaux de construction — Rules 
for the permissible loading of Building Constructions and for the stressing 
of building materials, 1902. | 

Bestimmungen fiir die. einheitliche Lieferung und Prufung von 
Portlandzement, 1907. — Prescr. norm. pour la réception et l’essai du 
ciment Portland. — Stand. spec. and tests of Portland cement, 1907, 

Bestimmung fiir die ny apes eee Lieferung und Prifung von Roman- 
zement (Zementkalk), 1908, — Prescr. norm. pour la réception et 
V’essai du ciment romain. — Stand. Spec. aoa tests of pee cement 
(cement-lime), 1908. 


Bestimmungen fiir die einheitliche Lieferung und Prifung von 


Schlackenzement, 1908. — Prescriptions .normales-pour-la réception et 
V’essai du ciment de laitier. — Standard specifications and tests of slag 
cement. C 

Bestimmungen fiir die einheitliche Benennung der zu Bauzwecken 
verwendeten hydraulischen Bindemittel.. — Prescriptions pour 
Yunification de la nomenclature des mortiets’ hydrauliques employés dans 
‘la construction, — Standards for a uniform nomenclature for the hydrau- 


lic .cements used for building purposes. 


Schweizerische Normen. — Prescriptions Suisses. — 
Swiss standards. 


Einheitliche Normen fir die Klassifikation und Prufung der hydrau- © 
lischen Bindemittel, 1901. 

Aufgestellt von der Eidg, Mite etpritun gene in Zurich 

und genehmigt von dem Schweizerischen Ingenieur- und Archi- 

tekten-Verein-und dem Schweiz. Zement-Fabrikanten-Verein. 


Prescriptions normales pour la classification et l’essai des mortiers 
hy drauliques, 1901. 3 
Editées par.le Laboratoire fédéral d’essa1 des matériaux 
a Zurich et approuvées par la Société Suisse des Ingénieurs et ae. 
et la Société Suisse des Fabricants de chaux et ciments. 


Standard prescriptions for the classification and the testing of 
hydraulic cements, 1901. 
Drawn up by the Federal Laboratory for Test, Mat. in Zurich and 
approved by the Swiss Society of Engineers and Architects and by the 
Swiss Society of lime and cement manufacturers. 


dE 


Publications dans les périodiques. — Werdffentlichungen 
in Zeitschriften. — Publications in Periodicals. 
Essais de résistance sur les métaux. — Festigkeitsversuche an 


Metallen. — Strength-tests of metals. 


PreuB, E. Das Verhalten von Materialien bei reiner Scherbean- 


sp ruchung. — La résistance des matériaux soumis exclusivement au 
' cisaillement, — The resistance of materials exposed exclusively to shearing 
stresses. yotahl u. Eisen‘, 21, Aug. 1907. 


ti 
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Essais de résistance. — Festigkeitsversuche. — Strength-tests. 


Howard, J. E. Methods of testing metals by alternate strains, and 
thermic treatment of steels to increase their resistance, —- 
Priifungsmethode durch wechselnde Beanspruchung und Warmebehandlung 
von Stahl zur Erhéhung dessen Festigkeit. — Méthode d’essais par efforts 
ong et traitement thermique des aciers pour augmenter sa résistance. 

ning, Rec“, Sept. 22, 1906. 


Riek per! Ae eeu wi de rivets soumis 4 des efforts alternatifs..— 
Festigkeitsproben an Nieten bei wechsetnder Beanspruchung.. — Testing 
rivets by alternate strains, .,Réun. d. m, frang. et belges,“ ler déc, 1906. 


Mesnager, A. Rivetage en acier spécial. Expériences et comparaison 


avec l’acier ordinaire. — Festigkeitsproben mit Nieten aus Spezial- 
stahl und gewdéhnlichem Stahl. — Tests on ‘special and ordinary steel 
rivets, SP pan, a. Ponisten Che 1006S T1E* p..114 


Howard, J. E, Notes on the Saaneadee of steels under repeated alt er- 
nate stresses, — Festigkeit von Stahl unter wechselnden Beanspruchungen. 


— pasate de résistance de l’acier aux efforts alternatifs. 
»Am. Soc, Test. Mat.“, 1907. 


ae D; H. Waretsuch wie uber die Spannungserhéhung bei Wieder- 
holungsversuchen. Einflu® der Festigkeitsmaschine auf die 
Gestalt des labilen FlieBgebietes im Spannungsdiagramm. — 
Recherche sur l’élévation de-la tension par essais répétés. Influence de la 
machine d’essai sur la z6né de déformation permanente. — Investigations 

_ into the increase of tension caused by the repitition of tests. Influence of 

the repetition of tests on the form of the unstable region of flow in the 
tension diagram. »2. V. D; Ing.*, 29. Dez. 1906. : 


Preuf, E. Ergebnisse neuerer Dauerversuche an Metallen von Smith 
_und Gardner. — Resultats des essais de résistance par Smith et Gardner 
sous des efforts répétés d’extension. — Smith and Gardner’s tests of resist- 


ance under oe ertsdi strains. 
.»Dingl. P. J.“, 16. u. 23, Februar und 2, Marz 1907. 


Hancock, Einflug des Mechecie irish Verdrehens auf die elast. Eigen- 


schaften von Metallen. — Influence de la torsion alternative sur les 
propriétés élastiques des métaux, — Influence of alternating twisting strains 
on the elastic properties of steel. »Dinglers P. J.“, 10. Okt. 1906. 


Stromeyer, C. E, Brittleness in Steel and Fractures in Boiler Plates. 
— 'Versuche tiber Briichigkeit von Stahl und Bruch von Kesselblechen. — 

Sur la fragilité de l’acier et la cassure des tdles de chaudiéres. 
»lron Age“, Nov. 22, 1906, ,Mechanical Engineer,“ Oct. 13, 1906. 


Arnold. Brittleness of mild steel, — Die Briichigkeit von Flu8stahl. — De 
la fragilité de l’acier doux. »Prac, Engr.*, Oct. 26, 1906, 


Straube. Der Bruch eines -Kesselbodens bei der Wasserdruckprobe: 
— Rupture d’un fond de chaudiére a l’épreuve hydraulique. — Collapse 
of a boiler end under the hydraulic test. 

»2. d. Dampfkesselunt. u. V. G.“, 1906, Nr. 8. 

Bach, C. Deetenit-é-y eines Kesseldomes bei der Druckprobe. — Si 
ment d’un déme de chaudiere a l’épreuve hydraulique. — Bursting of a 
boiler dome under the pressure-test. eeaVe De Ing*>>25.0Marg 190 7. 

Zur Frage der RifSbildung in Kesselblechen, (M2inungsduBerung zu 

Bachs-Versuchen.) — La fissuration des tdles de chaudiére, (A propos des 

essais de Bach,) — On the question of the formation of cracks in boiler- 


plates, (Expression of ppision on Bach’s tests.) 
,otahl, u, Eisen“, 8, Juli 1907. 
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Essais de résistance. — Festigkeitsversuche. — Strength-tests. 


Bach, C. Untersuchung eines im Betrieb aufgerissenen Kupferrohres. 


— Etude d’un tuyau de cuivre éclaté en service. — Investigation on a 
. copper pipe which burst in workjng. ,Z. V. D. Ing.“, 19. Oktober 1907. 
Versuche mit alten Kesselblechen, — Essais sur de vieilles téles de 

chaudieres. — Tests on old boiler plates. 


»Z. Dampfk. u. Maschbetr.“, 22. Nov. 1907. 


Stromeyer, C, E. The ageing of mild steel, — Versuche tiber den Einflu6 
des Alters auf Flu8stahl. — Le. vieillissement de l’acier doux, 


,Engng.“, Mai 81, 1907, ,Iron and Steel Inst.*, June 7, 1907, 


yAm, Mach.“, July 13, 1907. 


tromeyer, C. E. Further experiments on the ageing of mild steel, — 
Weitere Versuche tber das Altern des Flufstahls, — Essais ultérieurs sur 


le vieillissement de l’acier doux. 
»iron and Steel. Inst.“, vol. 3. 1907, ,Engng.“, 13. Dez. 1907. 


Dudley, P. A. Mechanical experiences with limber and stiff rail 
sections, (With discussion.) — Erfahrungen mit schwachen und steifen 
Schienenprofilen, — Experiences sur des rails a section faible et forte. 

~Am. Soc. Test. Mat.“ 1907. 

Christie. Ph ysical characteristics of cast iron, — Physikalische Eigen- 
-schaften des Gufeisens und die Grofe des Gufistiickes. — Les propriétés 
physiques de la fonte de moulage. »iron Age.“ 19. Sept. 1907. 


Fish. E. H. Tests of Cast Iron Beams. — Versuche mit Guf®eisenstaben. — - 


Essais sur poutres en fonte. Jour. Worcester Polyt. Inst.~, Nov. 1907. 


Campbell, A. On the testing of cast iron and other materials by the 
Ewing permeability bridge. — Die Erprobung von Guffeisen und 
anderen Materialien auf magnetische Permeabilitat. — Essais de permé- 
abilité magnétique sur la fonte et autres matériaux par le pont d’Ewing. 
yNat. Phys. Laboratory“ vol, II. 1907. (Proc, Inst. Elec. Eng.. vol. 36, pp 220.) 


Cook, F. J. Tensile testing of Cast Iron. — ZerreiSproben von Gufeisen, 
— L’essai de résistance de la fonte a la traction. 

»Pract. Eng.*, Apr, 1907, ,Mech, Engn.“, Apr. 1907. 

Wist, F. Untersuchungen tber Festigkeitseigenschaften und Zu- 

sammensetzung des Tempergusses. — Recherches sur la résistance 

et la composition de la fonte en coquille. — Investigations on the resistance 

and texture of chilled cast iron. ,Eisen-Zeitung“, 9., 16. u, 23. Marz 1907. 


Adam, Mc. Test of a cast steel beam. — Proben mit Stahlgu8. — Essai d’une 
poutre en acier fondu. . ,yEng. News.*, Aug. I, 1907; 


Hempelmann. Versuche uber Torsion rechteckig prismatischer Stabe. 
— Essais de torsion sur barres rectangulaires et prismatiques. — Tests 
on rectangular prismatic bars. »Vinglers Polyt, JS varia er 


Gratama, B. M. Materialversuche mit breitflanschigen Differdinger 
B-Profil-Tragern, — Essais sur des poutrelles a larges ailes de Dif- 
erdange. — Tests with broad flanged. Differding B section girders. 

»De Ingenidr“, 1907, S, 37. ,Baumaterialienkunde*, 1., 15. Aug. 1907. 


Goodmann, J. An experimental investigation of the maximum stresses 
in loaded crane hooks. — Versuche tiber die maximale, bei Belastung 
eines Krahnhakens erreichbare Dehnung. — Recherche experimentale de la 
tension maxima qui peut se produire en charge dans les crochets de 
grues, »Proc, Inst. Civ, Eng.“, Nr. 3655. 

Goodenough, G. A. and Moore, L. E. The strength of chain links. — 
Beanspruchung von Kettengliedern. Theorie und Versuche. — Résistance 
des maillons de chanes. » Univers. Ill, Bull.“, Sept. 18, 1907. 

Iterson, F. K. Th. van. Torsion des ressorts 4 boudin. — Durchbiegung von 
Spiralfedern, — Flexure of helical springs. ,De Ingenieur“, 1906. S. 971. 
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Essais de résistance. — Festigkeitsversuche. — Strength-tests, 


Pinegrin, W. Versuche tiber den Zusammenhang von Biegungsfestig- 
keit und Zugfestigkeit bei GuBeisen. — Essais sur le rapport entre 
la résistance a la flexion et celle a la tension de la fonte. — Experiments on 
the relation between the breaking stress and the tensile stress of cast iron. 

sae) 1 Detng.S, 162 Degn.1906: 

Hannover, H. I. Experimental technology of deformation of metals and 
its application to metal-working processes. — Versuche iiber die 
Formanderung der Metalle und deren Bearbeitung, — Etude expérimentale 
de la déformation des métaux et application a leur travail. 

yAm. Mach.* Aug. 25, — Oct, 13, 1906. 

Mallock, A, The relation between breaking stress and extension in 
tensile tests of steel. — Zusammenhang zwischen Bruchfestigkeit und 
Dehnung bei ZerreiSproben mit Stahl, — Rapport entre la charge de rupture 
et l’allongement de l’acier, »Mech. Wld.“, Feb. 1, 1907. 

Hancock, E.L. The effect of combined stresses on the elastic pro- 
perties of steel. — Uber den Einflu8 zusammengesetzter Spannungen 
auf die elastischen Eigenschaften von Stahl. — Sur l’influence des tensions 
composées sur les propriétés élastiques de l’acier. ,Am.Soc. Test, Mat.“ 1907. 

»Dinglers Polyt. J.“ 23. Marz 1907. 

Eerie y: H, R. Hand bending tests on steel. (Comparative tests.) — Ver- 


gleichs-Biegeproben mit Stahl, — Les essais a la flexion répétée, (Résultats 
d’essais comparatifs. »Engng.* Dec. 20, 27, 1907. 
Ostenfeld, A. Belastungsproben mit einer eisernen Dachkonstruktion. 
— Essais de charge d’une charpente de toiture en fer. — Loading tests 
on an iron roof-structure, — yingenidren* 1906, S. 321. 
Gottlob. J. Uber Stahldrahtseile. — Sur des cables en fils d’acier. —- On 
steel wire ropes. »lngenidren* 1906, S. 289 u. 318. 


Richter. Erfahrungen beim Bau einer Uferbefestigung aus Eisenfach- 
werk, insbesondere bezutiglich Brichigkeit und SchweiS8barkeit 
des Flu®eisens, — Expérienses dans la construction de l’ancrage métal- 
lique d’une digue, sur la fragilité et la soudabilité de l’acier doux. — 
Experiences with the construction of a steel framework bank defence, in 
particular as to the brittleness and weldability of the steel. 

»Ztribl, d. Bauv.* 10. April 1907. 

Lanza G. Compressive and transverse tests of steel connecting-rods. 
— Druck- und Scherproben von Brickenkettengliedern. — Essais de com- 
pression et essais transversaux sur des entretoises en acier, 

»yAm,. Soc, Test. Mat.“, 1907. 

Hancock, E. L. Tests of staybolts and staybolt iron. — Versuche an 
Stehbolzen. — Essais sur entretoises. eam, SocTest, Mat“; 1907. 


Mc. Kibben,, Frank, Tension tests of steel angles with various types 
of end-connection, — Zugversuche mit Winkeleisen und verschiedenen 
Nietverbindungen. — Essais de résistance a l’extension de corniéres d’acier 
avec différents modes d’attache, . yAm, Soc, Test. Mat.“, 1907. 

yEng. News,“, Aug. 22, 1907. 

Buchanan, C, P. A series of failure tests of full size compression 
members, — Versuche an Druckstdben von Briicken. — Essais a refus 
sur des membrures de ponts travaillant a la compression, 

,Eng. News.*, Dec. 26, 1907. 

Stewart, T. Pressures on lap-welded steel tubes. — Druckversuche an 
uberlappt geschweifiten Stahlrohren, — Essais de compression sur tubes 
d’acier soudé a recouvrement ,Proc, Am. Soc, Mech“. Eng.“, May, 1907 


Carman, P. Resistance of tubes to collapse. — Widerstand der Réhren 
gegen Knickung. — Résistance des tubes a l’écrasement. 
,Univ, Ill. Bul. No. 5“, 1906, Eng. Rev., N. Y.“, Nov., 1906. 
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Essais de résistance. — Festigkeitsversuehe, — Strength-tests. 


Carr, M. L. Resistance of tubes to collapse. Test machine diagram 
ofresults. — Knickversuche mit Réhren (Probemaschine und Versuchs- 
ergebnisse). — De la résistance des tubes a l’écrasement, Machine d’essai, 
diagramme de résultats. yAm. Mach‘, Dec, 22. 1906. 

Emperger, F. v. Drei Versuche mit Eisensdulen, — Etude sur trois 
expériences faites sur des colonnes en fer, — Three tests of iron columns. 

Beton und Eisen‘, April 1907. 

Goodman, J, The Strength and Elasticity of White Metal. — Festigkeit 


und Elastizitat von Weifmetall, — Résistance et élasticité du métal blanc. 

Engng. Sept. 21, 1906. 

Gulliver, Deformation in metals, — ZerreiSversuche an Aluminiumprobe- 
stiicken, — Essais de tension sur des éprouvettes en aluminium. 


»Proc, Inst, Mech. Eng,“, 1907, Vol. I, II. 

Pont, B. de. Tests of some brass and bronze bars, — Versuche an Messing 
und Bronzestében. — Resultats d’une série d’essais méc. et phys. de 
barres en bronze et en laiton. »Foundry“%, Sept., 1907. 


Chree, C, Stress in magnetised iron. — Zugspannungen im magnetisierten 
Eisen. — Des tensions développées dans le fer magnétisé, 

. Nature“, Sept. 27, 1906, 

Watertown Arsenal. Mandrel tests — Shotand shell — Steel for com- 

parison of testing machines — Miscellaneous steels; tensile 

and bending tests and chemical analysis — Steel wire — 

Curb bits and stirrups — Monel metal — Frictional resistance 

test of copper band-metal. — Copper cylinders for pressure 

gauges — Experiments with lead cylinders — Wheels for field 

carriages and limbers — Railroad Material. — Endurance of 

rotating shafts. = Dornproben — Geschosse und Panzerplatten — 

Stahlproben zum Vergleich von Priifungsmaschinen — Verschiedene Zug- 

und Biegeproben und chem, Analysen — Stahldrahtproben — Bigel und 

Steigbugel — Monel Metall — Reibungswiderstande von kupfernen Fiihrungs- 


bandern — Kupfercylinder als Druckmesser — Versuche mit Bleicylindern 
— Rader fur Feld- und Protzwagen — Eisenbahnmaterial — Widerstand 
von rotierenden Wellen, = Essais de mandrinage — Projectiles et 
blindages — L’acier pour la comparaison des machines d’essai — Divers 
essais d’aciers a la traction et a la flexion et analyse chimique — Fils d’acier 
— Etriers — Métal Monel — Essai de résistance par frottement de cein- 
tures en cuivre-crushers en cuivre — Expériences avec des crushers en 
plomb — Roues pour voitures et avant-trains de campagne. — Matériel 
de chemin de fer ~- Endurance des arbres de rotation, 


Rep, Watertown Arsenal, 1907 (Tests). 


Methodes d’essais physiques des métaux (a l’exclusion de la 
micrographie). 

Physikalische Prtfungsverfahren ftir Metalle (excl. Mikroskopie). 

Physical Testing Methods for Metals (Microscopic test excluded). 


The Testing of Copper by the Consumer. (Explains electr, test for the 
determination of the purity of copper, describing the method in detail.) — 
Elektr. Priifung von Kupfer bei der Ubernahme. — L’essai électr. du 
cuivre par l’acheteur. »Brass World*, Jan., 1907. 


Buskett, W, Assay of zinc, — Zinkprifung,. — Essai du zinc. 
»Mines and Min.“ Nov., 1907. 
Hollard & Bertiaux, Industrial analysis of zinc. — Analyse industrielle 
du zinc, — Prufung von Zink fur Industriezwecke, ,Ming. Jour.“, Oct. 6, 1906. 
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Souther, Henry, The White-Souther endurance-test specimen. — White 
Southers Probestuck fur Dauerversuche, — Les essais de flexion répétée de 
White Souther. ,Am. Soc. Test Mat.“, 1907, ,Eng. Rec.“, July 20, 1907. 


Jingst. Zur Frage, der Prifung des Gufeisens. Bericht tiber die Arbeiten 
des Vereines deutscher Eisengiefer, — La question de l’essai des fontes. — 
The testing of cast iron. ,GieBerei-Ztg.“, 1. Nov. 1906. 


Job, Rob. Iron castings. Some causes of failure in service, -— Eisen- 
gu8 und seine Mangel in der praktischen Verwendung. — Moulages de 
fonte; quelques causes de défectuosité en service. 

»Am. Soc. Test Mat.“, 1907, ,Foundry*, Aug., 1907. 


Mc, Adam, J. V. Test of cast steel beam — Eine Versuchsmethode fiir 
Stahlgu8. — Une méthode d’essai de l’acier moulé, 

,Eng. News*, 1. Aug., 1907. 

May, W. J. Casting test-bars in iron — Uber Probestibe fiir Gufeisen. — 


La fabrication des éprouvettes de fonte. .Prac.. Engr.*), Nov. 1, 1907. 
Preliminary work on apparatus for testing cast-iron plates — Uber 
die VorsichtsmaBregeln bei Prifung von Gufeisenplatten, — Précautions a 


prendre pour l’essai des plaques de fonte, Appareils auxiliaires. 
»Harvard Eng. Journ.“, Nov., 1907. 
Gessner, A. Uber die Beanspruchung freiaufliegender Trager durch 
StoB mit Bericksichtigung der Schlagbiegeprobe fiir Gufeisen. 
— Résistance aux chocs d’une poutre reposant librement sur deux appuis. 
Les épreuves de flexion au choc de la fonte, — Shearing strains in freely 
suspended cast iron beams under deflection tests, ,Z.6.I.u,A.-V.* Nr. 43, 1906. 


Leber. Uber den gegenwdrtigen Stand der Schlagbiegeprobe mit 
eingekerbten Staben, — Les essais actuels au choc sur barreaux 
entaillés, —- The actual status of the impact test on notched bars, 

yotahl u, Eisen*, 31. Juli, 7. August 1907. 

De Maupeou d’Ableiges. Essais de choc. -— Schlagproben. —- Impact tests. 

) ghkeun. ‘d. m. franc. et belg,* Jer Déc. 1906. 

Priorot, Charpy, A. le Chatelier, Derihon, Maynard. Observations au 

sujet desessais de fragilité sur barreaux entaillés.—Betrachtungen 


uber Brichigkeit eingekerbter Stabe. — Remarks relating to fragility-tests 
on notched bars. »Reun. d_m. franc, et belg,“ ler, Juin -L90T. 
Ehrensberger, Dr, Die Kerbschlagprobe im Materialprufungswesen. 
— Les essas au choc sur barreaux extaillés. —- Testing materials by 
impact on notched bars. 
Die Kerbschlagprobe im Materialprufungswesen. — Essais au choc sur 
barreaux entaillés. — Impact tests on notched bars. 


yotahl und Eisen‘, 11, und 18. Dez. 1907. 
poe i, /J,-, 14.0. 26, Dez. 1907, potant u, Hisen*~ 1), Dez."1907- 


Stribeck, R. Prifverfahren fiir geharteten Stahl unter Berticksichti- 
gung der Kugelform, Prifungsergebnisse. Elastische und 
bleibende Formanderungen. — Essais de l’acier trempé au point de 
vue de la sphériciteé, — The testing of hardened steel with special relation 
of spherical bodies. win Vow J. te, Was, see. 1906. 


Mesnager, A. Recherches sur les Coherence données par la bille de 
Brinell. — Uber die mittels der Kugeldruckproben gewonnenen Angaben. 

— On the results obtained with the Brinell ball-pressure test. 
yRéeun, d. m, frang. et belg.“ 23 mars 1907. 
Ludwik, P, Uber Hartebestimmung mittels der Brinellschen Kugel- 
druckprobe und verwandter Eindruckverfahren, — La détermina- 
tion de la dureté par la bille de Brinell et les méthodes d’impact, — On 
the determination of hardness by the Brinell ball-pressure test and allied 
indentation methods. ed Ost deus aA Vi-s 10, Marz 1907. 
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Gessner, A. Hartebestimmung mittels der Ludwikschen Kegelprobe 


unter Stofwirkung. — Essais de résistance au choc du moyen du 
cone de Ludwik. — Resistance to shock. Tests by means of the Ludwik 
cone, 2. d. ost. I, wu. A, Vie) Os Noveeiguas 


La mesure de la dureté des métaux parla méthode de M. Ballentine. 
— Hartebestimmung von Metallen nach der Methode Ballentine. — The 
Ballentine method of measuring the hardness of metals, 

~Génie Civil 26 Oct. 1907, 

Leon, A. Uber die Beziehung der Kegeldruckhatte zur Streckgrenze 
bei Eisen und Stahl, — Rapport entre la résistance a l’empreinte de 
billes et la limite élastique du fer et de l’acier. — Relation between the 
resistance to the ball test and the limit of tension of iron and steel, 

yotahl u, Eisen“, 11. Dez. 1907. 


Malstrém, R. Versuche mit Gufeisen tiber den Einflu8 des Kugel- 
durchmessers.und des Druckes bei der Brinellschen Methode 
der Hartebestimmung, — Influence du diameétre de la biile et de la 
pression sur la détermination de la dureté de la fonte par la méthode 
Brinell. — Influence of the diameter of the ball and of the pressure respectively — 
on the determination of the hardness of cast iron by the Brinell method. 

,Dingl. P, J.“, 19. Jan. 1907. 

Guillet, L, Les Méthodes modernes d’essais méc. de produits métall- 
urgiques. — Neue mechanische Prufungsverfahren fiir Metalle. — Modern 
methods of mechanical testing of metallurgical products, 

»Revue Gén, des Sci.“, 15 aott 1907. 


Simonot. Reflexions au sujet du Congres de Bruxelles. (Sur les méthodes 
d’essai des métaux.) — Uber Metallprifung auf dem Brtisseler Kongref, 

— On testing metals discussed at the Brussels Congress. — 
,Réun, d. m. frang. et belg.*, 23 fevr. 1907. 


Breuil P. Nouveaux mécanismes et nouvelles méthodes pour l’essai 
des métaux, — Neue Einrichtungen und Verfahren zur Prifung von 
Metallen. Modern apparatus and methods for testing metals. 

yRev. de Méc.*, Avril 1907 — Juillet 1908. 


Panetti, M Meéethodes d’essai des métaux, — Priifatipeveeeeean bei Metallen. 
— Methods of tests of metals. 
yAss. ital. per gli studi sui mat. da costr.“, 1907, 


Lambert, W. J. A method of measuring the extension of test-pieces 
under tensile stress. — Methode zur Dehnungsmessung bei der Zerreif- 
probe, — La mesure de l’allongement dans les piéces soumises 4 la traction. 

»Proc. Inst. Civ, Eng.“, vol. II., 1906—1907.. 


Preuf, E. Die Priifung von Roéhren auf 4ufBeren Uberdruck. — Essai 
de résistance des tuyaux aux pressions extérieures. — Tests on the resistance 
of pipes to external pressure. ,otahl u, Eisen*, 18, Dez. 1907. 


Fortin, P. R. The testing of iron electrically and magnetically for 
commercial purposes. — Die Prifung von Eisen in elektrischer und 
magnetischer Beziehung fur Handelszwecke, — L’examen commercial du 
fer au point de vue électrique et magnétique. 

»Electr. Eng.“, March 22 1907. 

Burgess, G. K, Melting points of the iron group elements determined 
by a new radiation method. — Bestimmung der Schmelzpunkte der 
Eisengruppe mittels eines neuen radiometrischen Verfahrens. — Déter- 
mination des points de fusion des éléments du groupe du fer par radiation. 

»Bureau of Stand“, vol. 8, Nr. 3 1907. 

Murdoch, W. H. E. The magnetic testing of iron. — Priifung der magneti- 
schen Eigenschaften des Eisens. — Essai des propriétés magnétiques — 
du fer, »El, Rev. London*, Nov, 4, Dec, 6 1907. 
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Sore, F. The spark method for grading steels. — Beurteilung der Stahl- 
beschaffenheit aus der Art der Funkenbildung beim Erhitzen. — Deter- 


mination de la qualité d’un acier par les étincelles qu’il donne au chauffage. 
»Am. Mech.“, August 31, 1907. 


Mariani. L’essai des aciers a la combustion parla nature des étin- 
celles, qu’ils émettent. — Erprobung des Stahles durch Funken, die 
er beim Erhitzen ‘bildet. — The testing of steel by the spark method. 

»Rev. Min.“, Dec. 1907. 


La classification des fers et aciers par l’observation deleurs étin- 
celles. — Beurteilung von Stahl auf Grund der Funkenbildung beim Erhitzen 
— The spark method of grading steels. »Genie civil“, 14. Dec. 1907. 


Stokes H. N, and Cain J. R. On the colorimetric determination of 
iron with special reference to chemical reagents, — (Colori- 
metrische Eisenbestimmung mit besonderer Riicksicht auf ihre chemische 
Reagenz, — Détermination colorimétrique du fer et les réactifs chimiques. 

»Bur. Stand,“, Vol. 8, Nr. 1, 1907. 


Honigsberg, O. Einrichtung fiir Versuche an beanspruchten durch- 
sichtigen Kérpern in polarisiertem Licht. — Dispositif pour l’essai 
des corps transparents dans la lumiére polarisée. — Apparatus for the 
testing of transparent bodies under tension in polarised light. 

gue d, Ost ing, uy A. V.", Nr oo, 1906, 


Boyer-Guillon, Auclair et Laedlein. Maniere de mesurer les pertes de- 


chaleur des enveloppes calorifuges, -—- Messung der Warmever- 
luste bei Warmeschutzmitteln, — The measurement of the loss of heat in 
jackets, »Lab,. d’Ess. Cons. A. M“, Bull, 7, 1906- 


Methodes d’essai chimiques des métaux. 
Chemische Prtifungsverfahren der Metalle. — 
Methods of Chemical Testing Metals. 


Chesneau. Sur quelques causes d’erreur dans le dosage, — Uber einige 

Fehlerquellen in der analytischen Untersuchung, — On some sources of 

error in analyses. ,Comptes Rend. de l’Ac. des Sciences*, Oct. 28, 1907. 

Carr, W.M. Steel castings; chemical analyses and physical tests. — 

Chemische und physikalische Untersuchung des Stahlgusses. — Les moulages 
d’acier; leur analyse chimique et leur essai physique. 

. Mech. Wld.“, Oct. 5, 19, 1906. 

Reinhardt, C. Uber den Einflu& der das Eisen begleitenden fremden 


Metalle auf die Eisentitration. — Influence des métaux étrangers 
sur le dosage du fer, — On the influence of the metallic concomitants 
of iron on the titration of the latter. ,stahl u. Eisen*, 8. April 1908. 


Report of Committee on Standard Methods forthe analysis ofiron, — 
Bericht des Komitees tiber die Vereinheitlichung der Eisenanalyse. — 
Rapport du comité de l’A, F. s. A. sur lunification des méthodes pour 
analyse du fer. Iron Trades Rev.“, June 6, 1907. ,Foundry“, July 1907. 


Buskett, N. Assay of iron, — Beschreibung der Permanganat- und Bichromanat- 
Methoden, — Essai du fer, Méthodes au permanganate et au bichromate. 
its : ,Mines und Min,“, Dec, 1907. 


Hinrichsen, F, W. Uber die Bestimmung von Wolfram und Chrom im 
Stahl. — Le dosage du tungsténe et du chrome, — The determination 

of tungsten in steel in presence of chromium. § . 
»Mitt. Kgl. Matprfgsamt.*, 1907, 6. Heft. ,Stahl u. Eisen“, 2, Okt. 1907. 
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Dussier. Zur Bestimmung des Schwefels im Eisen. — Note sur le dosage 
du soufre dans le fer, — The determination of sulphur in iron. 
,otahl u, Eisen*, 23, Janner 1907. 


Hinrichsen, D. F. W. und Bauer, O, Zum mikro-chemischen Nachweis 
von Schwefel, Selen und Tellur im Kupfer. — Reconnaissance 
micro-chimique du soufre, du selenium et du tellure dans le cuivre. — 
Concerning the micro-chemical determination of sulphur, selenium, and 


tellurium in’ copper. » Mitt. kgl. Matprfgsamt*, 1907, 3. Heft, 
Hinrichsen, F, W. Uber die Phosphorbestimmung im Stahl. — Le 
dosage du phosphore dans I’acier. — The estimation of phosphorus in steel, 


» Mitt. kgl. Matprfgsamt*, 1907, 6. Heft. 


Morgan, J. J. The estimation of phosphorus in steel and iron. — 
Rasche Bestimmung des Phosphorgehaltes in Eisen und Stahl, — Dosage 
accéléré du phosphore dans le fer et l’acier. ,Prac. Engr,“, Aug. 16, 1907. 

Butler, P. The Knorr methode of determinig arsenic and antimony 
in refined copper, — Die Knorrsche Methode des Arsenik und Antimons. 
(Bestimmung in raffiniertem Kupfer), — Methode Knorr de dosage de 
arsenic et de l’antimoine dans le cuivre raffiné. ,Min. Rep.*, Nov. 8, 1906. 


Rothe, J. Zur quantitativen Untersuchung von organischen Stoffen 
auf Metalle. — Dosage des métaux dans les matiéres organiques. — 

On the quantititive analysis of metals in organic substances, 
yKgl. Matprfgsamt*, 1907, 3. Heft. 
Knorre, G. v. Uber die Manganbestimmung bei Anwesenheit von 
Wolfram. —- Le dosage du manganése en présence du tungsténe. — The 


determination of manganese in presence of tungsten. 
yotahl u. Eisen*, 18. Marz 1907. 


Chesneau. Dosage volumétrique du manganése, — Volumetrische Mangan- 
bestimmung. — Volumetric analysis of manganese. 
»Rev. de metall,“, Févr. 1907. 


Gooch, F. A. and Newton, H D, A method for the estimation of iron in 
presence of titanium. — Bestimmung des Eisens in Gegenwart von 
Titan, — Dosage du fer en présence du titane, 

yAm, Jour. of Sci“, May 1907. 

Knorre, G, v. Uber die Chrombestimmung im Stahl, insbesondere bei 
Anwesenheit von Wolfram, —.Le dosage de chrome dans l’acier en 
présence du tungstene. — The estimation of chrome in steel in presence 
of tungsten, - ,Stahl u, Eisen~, 28. Aug. 1907. 


Hannack, Chrombestimmung im Spezialchromstahl. — Le dosage du 
chrome dans l’acier du chrome. —- The determination of chrome in 
chrome-steel, ,otahl und Eisen“, Bd. 27, S. 148, 


Gallo. Analyse von Eisenprodukten mit’ hohem Chromgehalt. — 
Analyse des ferro-chromes, — Analysis of ferric products with high per- 
centages of chromium, yAtti. R, Ac. dei Lincei*, vol. 16, p. 58. 


Dougherty, The rapid determination of nickel in steel, — Rasche Ver- 
fahren zur Bestimmung des Nickelgehaltes im Stahl. — Dosage accéléré 
du nickel dans 1’acier, ,lron, Agpe.”, Apr ape aouee 


Knorre, G. v. Uber die Wolframbestimmung im Wolframstahl, — 
Le dosage du wolfram dans l’acier au tungsténe. — The determination 
of wolfram in tungsten steel. ystahl u. Eisen*, 15. Dez, 1906. 


La méthode d’analyse thermique du prof, Tamann et les recherches 
sur la constitution des alliages de l'Université de Gottingen. 
.— Analytisch-thermische Untersuchungen Prof. Tamanns und die Unter- 
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suchungen tiber Legierungen der Universitat Géttingen. — The thermic 
method of analysis of Prof. Tamann and the researches on the con- 
stitution of alloys at the Univ. of Géttingen. ,Rev. de Metall.*, aout 1907 


Sperry, S. Disintegration of aluminium alloys. — Analyse der Alu- 
miniumlegierungen. — Analyse des alliages d’aluminium, 

,brass. Wld.“, March. 1907. 

Gooch, F. A. and Heath, F. H. The jodometric determination of Copper. 

— Jodometrische Bestimmung des Kupfers. — Dosage iodométrique du 

cuivre, yAm Jour, of Sci,“, July 1907. 


Appareils pour les essais mécaniques et chimiques des metaux. 


Hilfsmittel der mechanischen und chemischen Prtifung der 
Metalle. 


Aids to the mechanical and chemical Testing of the Metals. 


Pendelhammer fir Schlagbiegeversuche an eingekerbten Staben,. — 
Marteau-pendule pour essai au choc de barreaux entaillés, — A pendulum 


hammer for the impact testing of notched bars, 
,otahl u. Eisen*, 15. Nov. 1907. 


Materialpriifungsmaschine mit StoSwirkung. — Machine de Seaton & Jude 
pour l’essai des matériaux au choc. — The Seaton & Jude impact testing 
machine, ,otahl u. Eisen“, 1. Okt. 1906. 

Hatt, W. R. und Turner, W. P, The Purdue University impact machine. 
— Maschine fiir Schlagproben der Purdue-Universitaét. — Mouton a essayer 
les matériaux au choc, »Am. Mach.*, Oct. 6, 1906. 

Page, L. W. A new impact machine. — Eine neue Maschine fur Schlagproben, 


Une nouvelle machine pour l’essai au choc, ,Am., Soc, Test. Mat.*, 1907. 
»Eng. Rec.*, July 6, 1907. 
Machine a essayer les métaux aux chocs répétés, — Maschine zur 
Erprobung von Eisen auf Schlag. — A repeated-impact testing machine, 
,Genie Civil , Mars 2, 1907. 
Breuil, P. Nouveaux mécanismes et nouvelles méthodes pour Vessai 
des métaux, — Neue Maschinen und Verfahren fiir Metallprufung. — 

New machines and methods for the testing of metals. 
»Rev, Méc.*, 80. Avril—81 déc, 1907. 


Moore, H. F. An Instrument for measuring deformation in tests of 


materials. — Vorrichtung, die Formanderung bei der Materialprifung zu 
messen. — Instrument pour mesurer la déformation dans l’essai des 
matériaux, »Am, Soc. Test. Mat.*, 1907. 
Capp, J. A. Multiplying dividers for locating yield-point, — Multi- 
plikator zur genaueren Bestimmung der FlieSgrenze. — Amplificateur pour 
déterminer la limite élastique. ,Am. Soc. Test, Mat.“, 1907. 


Sankey’s workshop testing machine, Constructed by Messrs, 
L, Casella & Co., London. — Sankey’s Schnell-Biege-Prifungs- 
maschine. — Machine enregistreuse 4 essayer les barreaux 
par flexion. 

,»Engng.“, Feb, 15, 1907. .Génie civ.“, 8. Juin 1907. ,,Stahl u. Eisen’, 
15. Nov. 1906. ,Z. V. D. Ing.*, 6. Apr. 1907. 

10.000 1b. torsion’ testing machine at Woolwich Polytechnic, — 
Maschine zur Erprobung der Torsionsfestigkeit am Polytechnikum in 
Woolwich. — Machine de l’école de Woolwich pour l’essai des matériaux 
par torsion. ,»Prac. Engr.“, March 1, 1907. 
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Appareils pour les essais des métaux. — Metallpriifungsmaschinen. — Testing machines for metals. 


Ein neues MeSmikroskop (fiir Kugeldruckproben), — Nouveau microscope 
pour la mesure des empreintes de billes dans le procédé d’essai au choc 
de Brinell, — New microscope for measuring the impressions of the balls 
in the Brinell method of impact testing. ,Stahl u, Eisen“, 15. Nov. 1906. 


Machines and measuring instruments for the Brinell hardness test, 
— Maschinen und Apparate fir die Brinell’sche Kugeldruckprobe. — 
Machines et instruments de mesure pour les essais par empreinte de billes 


Brinell. »yAm, Mach,.‘, May 18, 1907. 
Ballentine, W. J. Testing hardness of metals and materials, (A new 
form of impact-testing instrument.) — Neues Schlagprobeverfahren. — 


Nouveau procédé d’essai au choc des métaux et matériaux. 
yAm. Mach,*, June 1, 1907. 


Shore, F. Ein Skalen-Apparat zur Priifung der Harte von Metallen. 
— Instrument a échelle pour déterminer la dureté relative et absolue de 
tous métaux et de l’acier trempé. — An instrument for testing hardness. 
»Ztschr. dost, Ing. u. Arch, Ver.*, 15. Nov. 1907. ,Am. Mach, Nov. 30, 1907. 


Hydraulic diaphragm testing-machines. — Versuchsmaschinen mit Druck- 
wasser besonders jene von Martens — Machines hydrauliques enregistreuses 
pour l’essai des matériaux. ,pengng.“, Dec. 27, 1907: 


Larard, C. E. An electrically controlled simple-lever testing machine 
and some torsion tests, — Eine elektrisch registrierende Hebelmaschine 
fur Zug, Druck und Drehung. — Machine a essayer les métaux par torsion, 
traction, compression et pliage, 4 commande électr, ‘ 

»Proc. Inst. Mech. Engrs,“, July 1907. ,Engineer Ld.“, Aug. 2 u. 9, 1907. 


Wicksteed. Large testing-machines in South- Wales 1829—1906. — 
GroSe Prufungsmaschinen in South-Wales, -- Grandes machines d’essai de 
la Galles du Sud. »Proc, Inst, Mech. Eng.“ 1906, Bd. 3—4. 


Neuere Material-Priifungsmaschinen, — Nouvelles machines a essayer 
les métaux, systeme Riehlé Bros, de Philadelphie. — New metal-testing 
machines constructed by Riehlé Bros., Philadelphia, 

»Gieferei Zg.“, 15. Juni 1907. »Z. Dampfk. u. Maschbtr.“, 14. Aug. 1907, 


The Krupp machine for testing cast-iron. — Priifungsmaschine der Fr. Krupp 
A, G, Grusonwerk. — Machine a essayer les fontes des établissements 
Krupp A. G. Grusonwerk. »Holdert’s Weekblad*, 4. Sept. 1907. 


Denison’s Apparatus for detecting the overloading of chains. — 
Denisons Vorrichtung zur Aufdeckung der Uberbeanspruchung von Ketten. 

— Appareil Denison pour indiquer la surcharge des chaines, 
»Mech, Engr.“, Oct, 6, 1906. 


Schwefelbestimmungsapparat. — Appareil pour le dosage du soufre. — 
An apparatus for the determination of sulphur, ,Stahl u. Eisen“, Oct. 1906. 


Kleine, A. Kohlenstoffbestimmungsapparat. — Appareil pour le dosage 
du carbone, -- An apparatus for the determination of carbon. 
»otahl u. Eisen“, Oct, 1906. 


White, H. A new colorimeter for the determination of carbon in 
steel. -- Neues Kolorimeter zur Bestimmung des Kohlenstoff- 
gehaltes im Stahl. — Nouveau colorimétre pour le dosage du carbone 
dans I’acier. 

»Bull. Am. Inst. Ming. Engrs.“, Sept. 1906. ,Stahl u, Eisen“, 1. Okt. 1906, 


Schwefelbestimmungsapparate nach v. Nostitz. — Appareil de Nostitz 
pour le dosage du soufre. — The v, Nostitz-apparatus for determining 
sulphur. ystahl u. Eisen.“, 1. Nov. 1906. 
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Modifications moléculaires des métaux et leurs causes. 
Geftigeanderungen der Metalle und ihre Ursachen. 
Structural modifications of metals and their causes. 


Rasch, E. Die Ermittlung und Aufzeichnungen der Umwandlungs- 
punkte fester Losungen. — Recherche et tracé diagrammatique du 
point critique de dissociation des alliages. — The critical point of the 
dissociation of alloys. Investigations and Diagrams. 

»Dinglers P. J.“, 1. Dez. 1906. 

Osmond, F. Les recherches de G. Cartaud sur le passage de l’état 
liquide a l’état solide, — Cartauds Untersuchungen iiber das Erstarren, — 
The researches of G, Cartaud on the passage of metals from the liquid to the 
solid state. ykev. d. Métall.*, Sept. 1907. 


Portevin, A. Les phénoménes de solidification et de transformation 
dans les alliages, — Erstarrungs- und Transformationserscheinungen 
in Legierungen, — The phenomena of solidification and of transformation 
in alloys. prev. d. Metall.*, Oct. 1907. 

Hatfiew, W. H. Influence of carbon on cast iron. The regions of 
temperature in which the carbides are decomposed. — Einflug 
des Kohlenstoffs auf Roheisen, Zersetzungstemperatur der Karbide. — Les 
états du carbone dans la fonte et les modifications de carbure sous l’effet 
des températures, »Foundry*, Nov. 1907. 


Rasch, E. Uber den Erstarrungsvorgang des Kupfers nach Dejeane. — 
Le phénoméne de solidification dans le cuivre par Dejeane. — The pheno- 
mena of solidification in copper according to Dejeane. 

»Dinglers P. J.“, 6. Okt, 1906. 


Sauveur, A. The constitution of iron-carbon alloys. — Uber die Gefiige- 
bildung von Eisenkohlenstoffverbindungen. — La constitution des alliages 
de fer et de carbone. ylron Steel Inst.“, vol. 4. 1906. 


Ewing, J. A. The structure of metals, — Die Kleingefiige der Metalle. — La 
microstructure des métaux. pllec, Rev. .N. Y.*, Sept: 22, 1906. 
yEngng, Rev.“, Lnd., Sept. 1906. 

Arnold, J. O.. The internal architecture of metals. — Die Kleingefiige von 
Metallen. — La microstructure des métaux. »Nature“, Nov. 8, 1906. 


Braune, H. Die mikroskopische Untersuchung des Eisens und Stahls. 
— Recherches micrographiques sur le fer et l’acier. — Micrographic inve- 
stigations of iron and steel. 

' ,bisen-Zeitg.“, 30, Marz, 6., 18., 20. April 1906. 

. Jiiptner. Das Kleingefiige des Stahles. — La microstructure de l’acier. — 

_ The microstructure of steel. ,Ost. Z. f. Bg.- u. Hw.* 1907. Nr. 18, 14. 


Sauveur, A. The structure of wrought iron. — Das Kleingefiige von 
Schmiedeeisen. — La structure micrographique du fer forgé. 
»Electro-Met.-Ind.“, April 1907. 
Heyn, E. und Bauer, O, Zur Metallographie des Roheisens. — Etude sur 
la métallographie de la fonte. — The metallography of pig iron. 
»otahl u. Eisen“, 80. Okt., 6. Nov.. 1907. 
Goehrens, P. und Heyn, F. Zur Metallographie des Eisens. (Eine Diskussion.) 


Discussion sur la. métallographie du fer. — Discussion on the metallo- 
graphy of iron, ,otahl u, Hisen*, 4. Dezember 1907. 
Price, V. The microstructure and frictional characteristics in 
bearing metal, — Kleingefiige und Reibung von Lagermetall. — La 


microstructure et le coefficient de frottement du métal antifriction. 
»Am. Mach.“, 3. Nov, 1906. 
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Kralupper, M. Studie tiber die molekularen Veranderungen eines durch 


Zug beanspruchten Stahlstabes. — Les modifications moléculaires 
d’un barreau soumis a la traction. — A study of the molecular changes 
of a steel rod under tensile stress. ,Ost. Z, f. Bg.- u. Hw.*, 1. Dez, 1906. 
Campbell, W. Change of structure in iron and steel. — Die Anderungen 
im Gefiige des-Eisens und Stahl. — Les modifications dans la structure 
du fer et de l’acier. »Franklin Inst.“, June 1907. 
Kley, C. Uber die Mikrostruktur einer gebrochenen Schiffswelle. — 
Etude sur la microstructure d’un arbre de couche brisé. — Study on the 


microstructure of a broken propeller shaft. ,Dinglers P. J.“, 26. Okt. 1907. 


Heyn, E. Metallographische Untersuchungen fur das claceneeen ens 
— Etude métallographique des fontes de premiére et deuxiéme fusion, — 
Metallographie investigations in foundry work. 

»stahl u. Eisen“, 1. u. 15, Nov. 1906. 


Keep, W. J. Cast-iron crushing loads and microstructure. — Klein- 
gefiige und Widerstand von Gufeisen. — Microstructure et résistance a 
Vécrasement ce la fonte de moulage. yAm. Mach.*, 15. Sept. 1906. 


Kritik iber Bannisters Arbeit. —- Observations critiques sur le travail de 
Bannister. — Critical observation on Bannister’s paper. 

yotahl u. Eisen“, 16. Jan. 1907 

Girtler, R. Uber die Deformationsarbeit als Mag der Beanspruchung. 

— Le travail de déformation comme mesure de l’effort. — The work of 

deformation of the elastic forces as a measure of the danger of fracture. 

; ; »Z. Ost. Ing.- u. A.-V.“, 1907, S. 649. 

Girtler, R. Uber das Potential der Spannungskrafte als Ma8 der Bruch- 

gefahr, — Le potentiel des efforts de tension comme mesure du danger 

de rupture, Stzb. K, Akad. d. Wissensch,, Wien, Mai 1907. 


Fréminville, de. Caractéres des vibrations accompagnant le choc 

déduits de l’examen des cassures. — Charakteristik der den Stof 

' begleiteriden Schwingungen, abgeleitet aus dem Bruch. — Nature of the 
vibrations poco pany ine shock; determined from the fracture, 

Réun. d. m. frang. et belges. 9 juin 1907. 


Wedding, H. und Cremer, F. Chemische und metallographische Unter- 
suchungen des Hartgusses, —Recherches chimiques et métallographiques 
sur la fonte dure. — Chemical and metallographical researches on case, 
hardened steel. ,otahl und Eisen‘, 12. u. 19. Juni 1907, 


‘Breuil. Recherches sur les constituants des aciers trempés ettec- 
tuées au labor. d’essai du Cons. desArts et Métiers a Paris, — 
Untersuchungen tiber die Gefiigebestandteile des ausgegliihten Stahls im 
Labor, du Conserv, des Arts et Métiers. — Studies on the constituents of 
tempered steel, Labor. des Arts et Métiers, Paris. 

he ees . yBull. Soc, Ind. Min.“, 1907, No. 3. 

Kley, P. D.C. Metallographie und Praxis. — La _ métallographie et la 

pratique. — Metallography and practice. »De Ingenieur*, 1907, S. 625. 


Kerdyk. Aus der metallographischen Praxis, — La pratique de la métallo- 
graphie. — Metallography in practice. ,Dingl. Polyt. J.“, 26. Oktober 1907. 


Le Chatelier, H. Des applications pratiques de la mévaiiegenene te 


microscopique dans les usines, — Die praktische Anwendung der 
Metallographie. — Practical applications of micrescopic metallography in 
the workshop. Rev. de Metall*, Sept. 1906. 


Guillet, L. L’utilisation industrielle de la métallographie micro- 
- scopique, -- - Durchfihrung der Kleingeftige-Untersuchung in Hiittenwerken. 
—. The uses of microscopic metallography in Industry. 


,»Genie civil‘, juin 8, 15, 21 1907. 
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Sauveur, A. Metallography applied to foundry work (Examination 
of the metallographic structure of cast iron containing an 
increasing quantity of combined carbon), — Die Anwendung der 
Metallographie in der Gieferei. Die Priifung des Kleingefiiges im Guf8- 
eisen mit einer wachsenden Menge gebundenen Kohlenstoftes, — Examen de 
la structure métallographique des fontes contenant une quantité croissante 


de carbone combine. yFoundry*, Jan., April 1907. 
Hibbard, D. H. Internal stresses and strains in iron and steel. — 
Die inneren Spannungen in Eisen und Stahl. — Les tensions intérieures 


et les efforts développés dans le fer et l’acier. 
»yBull. Am. Soc. Ming, Eng.“, Sept. 1906. 


Heyn, E, Uber bleibende Spannungen in Werkstiicken infolge Ab- 
kiihlung. — Tensions auxquelles sont soumises les piéces par le re- 
froidissement. — The stresses remaining in metals after cooling. 

gorabl, Us Hisén?; 1120 us.18. Sept. 1907. 


Rhead, L, E. The solidification of cast iron, — Die Erstarrung von 
Gu8eisen (Kristallisation und Kontraktion). — Modifications, cristallisation, 
contraction de la fonte de deuxiéme fusion pendant sa solidification. 

»yFoundry*, Nov, 1907. 


Osmond, F. et Cartaud, G. Sur la cristallisation du fer. — Kristallisation 
des Eisens. — Crystallisation of Iron. 
,Bull. S. d’Enc, p, l’industr.“, Dec. 1 1906. 


Osmond, F. et Cartaud, G. The crystallography of iron, Deformation, 
figures, congential turning, corrosion figures, segregation 
figures etc, — Die Kristallisation des Eisens unter den verschiedenen 
Bedingungen der Bearbeitung und Behandlung. — Etude cristallographique 
du fer sous différentes conditions de traitemeut a chaud, de trempe etc. 

»Bull. Am. Inst, Min, Engrs.“, Nov. 1906. 


Henderson. Note on the distribution of sulphur, in metal ingot 
moulds. -— Versuche tiber die Verteilung des Schwefels im Ingot. — 

La question de la distribution du soufre dans les lingots. 
,sourn, Iron and Steel Inst.“, Vol. I, Jan. 1907. 


Stead, J. E, Segregation in steel ingots and its effects on the me- 
chanical properties of steel, — Die Saigerungen in Stahlingots und 
ihr Einflu8 auf die mech. Eigenschaften des Stahls. — La ségrégation 
dans les lingots d’acier et ses effets sur les propriétés méc, de ce 
métal. yEngng.*, Sept. 21, ,Iron Age“, Oct. 18. 


Lane, H. M. A volumetric study of cast iron. — Einflu der Verunreinigungen 
auf das Gefuige des Gufeisens. —- Etude volumétrique de la fonte. 
»Proc. Am. Soc. Mech. Engrs.*, Nov. 1907. 


Stead, J. E. Segregation in steel, — Saigerungen im Stahl. — La ségré- 
gation dans les lingots d’acier, ylron Age“, 8th Aug. 1907. 


Heckel-Kusl. Blasen und Lunker im Fluf®eisen und Flu8stahl, — 
Les soufflures et retassures du fer fondu et del’acier. — Honeycombing 

and segregation in mild steel, a 
yOst. Z. f. Bg.- u. Hw.“, 1906, Nr. 46. 


Howe, H. M. Does the removal of sulphur and phosphorus lessen the 
segregation of carbon? — Vermindert die Beseitigung von Schwefel 
und Phosphor die Saigerung des Kohlenstoffes? — La réduction du soufre 
et du phosphore atténue-t-elle la ségrégation du carbone? 

. »Am. Soc, Test Mat.“, 1907. 


Howe H. M. A further study of segregation in ingots. — Eine weitere 
Studie tiber Saigerungen in Ingots. — Nouvelle étude sur la ségrégation 
dans les lingots. »Eng. & Min, Journ.“, Nov. 30. 1907. 
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Goerens, P, Uber denaugenblicklichen Stand unserer Kenntnisse der 
Erstarrungs- und Erkaltungsvorgange bei Eisenkohlenstoff- 
legierungen. — Etat actuel de nos connaissances sur les phénomenes de 
refroidissement et de solidifications des alliages fer- carbone, — Micro- 
graphic. study on the hardening and cooling phenomena in iron-carbon 
alloys. ,otahl u. Eisen*, 24. Juli 1907. 


Campbell, W. The heat treatment of medium carbon steel. The 
effect of rate of cooling on structure, Die Warmebehandlung von 
Stahl mittleren Kohlenstoffgehalts. Einflu8 der Abkiihlung auf das Gefuge, 
— Le traitement thermique de l’acier & moyenne teneur de carbone. 
Influence du refroidissement sur la structure, ,Am. Soc, Test Mat,“, 1907. 


Guillet, L. Traitement thermique des produits sidérurgiques, -- 
Thermische Behandlung der Hiittenprodukte. — The heat treatment of 
metallurgical products. »Mem.. Soc. Ing. civ.“ Oct. 1906. 

»lech. Auto.* Jan,—Mai, Oct.—Déc, 1906, Fév., Mars 1907. 


Charpy, G. Sur Vinfluence de la température sur la fragilité des 
métaux. — Versuche iiber den Einflu®8 der Temperatur auf die Bruchig- 
_keit-der Metalle. — The influence of temperature on the brittleness of 

.- .metals, »Mem. Soc, Ing. civ.* Oct, 1906. 
Brunton. Heat treatment of wire, particularly wire for ropes. — Ver- 
suche iiber Warmebehandlung von Draht, besonders fir Drahtseile, — 


‘Traitement thermique du fil métallique pour cables. 
,Journ, Iron Steel. Inst.“, Vol. 2, 1906 Iron Age“, Jul. 4, 1907. 


Baker, J. H. Annealing and crystallisation of steel, — Einflu8 der 
Warmebehandlung auf das Kleingefiige. — Influence du recuit sur la 
microstructure, ,lron Age“, Oct. 4, 1906. 

Breuil, P. Recherches sur les constituants des aciers trempés, — 
Uber die.Struktur geharteten Stahls, — On the constituents of hardened 
steel, »Bull. Soc, de l’Ind, Min.“ 1907. 


Carpenter, H. C. H. The types of structure and the critical ranges in 
heating and cooling of high-speed tool steel under varying 
thermal treatment. — Die typischen Formen des Kleingefiiges und 
die kritischen Punkte beim Erhitzen und Abkiihlen von Schnellarbeitsstahl 
bei verschiedener Art der Hitzebehandlung. — Structures et points critiques 
au chauffage et au refroidissement de l’acier a outil rapide pour différents 

j traitements thermiques, 

Phys. Nat, Laboratory“, Vol, II. 1907. (,Iron and Steel Inst.*, 1905, pp. 433—473.) 


Hadfield, W. H. Cast Iron as Cast and Heat treated. — Versuche iiber 
Gu und Warmebehandlung von Gufeisen. — La fonte apres coulée et 
traitement thermique. ,lron and Steel Inst.“, Vol. 2, 1907. 

Mai, W. J. Annealing under gas. — Anlassen im Gasofen, — Four a gaz 
pour le recuit des pieces. »Machinery*, Dec. 1906. 

Scott, G. S. The case-hardening of steel. — Oberflachenhartung des Stahls. 
— Cémentation de l’acier. ylron and Steel Inst.“ 1907, vol. 3. 


wlron Age“, Oct. 17. 1907, ,Mech. Eng. Ln.*, Sept. 28, 1907. 

Bannister, C. O. and Lambert, W. J. The case-hardening of mild steel, 
— Die Oberflachenhartung von Flufstahl. — Cémentation de l’acier doux. 

Etude de microstructure, »lron and Steel Inst.“, Sept. 1907. 
Demozay, L. The hardening of steel. Results of experiments, — Uber 
Hartung (Versuche) von Nickelstahl, — Cémentation de l’acier au nickel 
(Essais). ,lron and Steel Inst.“, vol. 3, 1907 
,Engng.* Oct. 25, Nov. 1, 1907, ,,Stahl u. Eisen*, 23. Oct. 1907. 

Lake, F. Case-hardening the alloy steel, — Oberflachenhartung des Stahls- 
— Cémentation des aciers spéciaux. »Am. Mach,*, Aug. 24. 1907. 
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Viall, E. Expansion and contraction of carbon steel in hardening, 
— Die Ausdehnung und Zusammenziehung des Stahls beim Harten. — 

La dilatation et la contraction de l’acier au carbone pendant sa trempe. 

yAm, Mach.*, 4, Jan. 1907. 


Heckel-Kusl. Hartefehler und ihre Ursachen, — Défauts de trempe et leurs 
causes. — Defects in tempering and their reasons. 
,Ost, Z. f. Berg- u. Huttenw,“ 1906, Nr, 42, 43. 


Kick, Fr. Verschiedene Vorsichten und Kunstgriffe beim Harten des 
Stahles. — Diverses mesures de précaution dans la cémentation de l’acier. 


— Artifices and precautions in hardening. 
»Ost. Z. f. Berg- u, Hiittenw.* 1906, Nr. 35. 


Demozay, L. Etude de la dureté dans les aciers a outils de tour. — 
Einflu8 der Warmebehandlung auf die Harte von Werkzeugstahl, — A 
study of hardness in tool steels. »Rev. de Metall.“, Sept. 1907 


Hinkens, G. F, Case-hardening wrought iron. — Oberflachenhartung des 
Schmiedeisens. — La cémentation du fer, ,Pract. Engr.“, 16. Nov. 1906. 


Gifford, R. Annealing tool steel. — Uber die beste Methode des Anlassens 


von Werkzeugstahl. — La revenu des aciers a outils. 
»yAm. Mach.*, Dec, 8, 1906. 


Bock, F. Elektrisches Schweifen und Harten. — Le soudage et la trempe 
electriques. — Electrical welding and hardening. 
) »Z. d, Ost. Ing.- u A.-V,“ 1907, Nr. 48. 
Viall, E. Case-hardening incylinders, — Oberflachenhartung in Cylindern, — 
La cémentation des pieces dans les cylindres. ,Am. Mach,“ July 27, 1907. 


Osmond, G. Les expériences du Prof. Heyn sur la trempe et le re- 
venu des aciers. — Prof. Heyns Versuche uber Stahlhadrtung. — 
Prof, Heyn’s Experiments on the tempering and Annealing of steel. 

»kev. Metall.*, Nov. 1906. 


Lejeune, P. Etude sur la trempe de l’acier. — Studie tiber das Hiarten des 
Stahls. — A study of the tempering of steel, ,Rev, Metall.“, Sept. 1906. 


Longmuir, P. Hardened steels. (A technical and micrographical study.) — 
Verhalten geharteter Stahle. — Les aciers trempés au point de vue 
technique et micrographique. »iron and Steel Inst,*, Sept. 1907. 


Partiot, M. Sur quelques points obscurs de la théorie de la cémen- 
tation, -- Einige dunkle Punkte im ZementierprozeB. — Some obscure 
points in the theory of cementation. prev. Metall.*, Sept. 1906. 


Guillet, L. La cémentation, Définition, Principe Historique. Théorie 
moderne. — Der Zementierprozess. — Case-hardening, Definition, Histo- 
_ ical origin. Modern theory. »lech, Auto“, Mai—Sept. 1907. 


Hermann, V. Uber die Anderungen im Eisen durch Tempern, Les modi- 

fications du fer par le recuit,. — Changes in iron due to tempering, 
,GieB.-Ztg.*, 1. Nov. 1907. 
Harbord, F. W. The relation between the process of manufacture 
and some of the physical properties of steel. — Versuche uber 
den Einflu8 der Herstellung des Walzprozesses auf die Eigenschaften des 
Stahls. — Rapport entre les procédés de fabrication des aciers et quelques- 

unes de leurs propriétés physiques. 

,Engng.“, June 14. 1907. ,Iron and Steel Inst.“, vol. 1, 1907. 
Heck J. H. Notes on the effect of work and time on the properties 
of mild steel and iron, — Einflu8 der Bearbeitung und Bearbeitungs- 
zeit auf die Eigenschaften des Stahls. — Influence du travail et du temps 


sur les propriétés de l’acier doux (Siemens Martin) et du fer. 
, Pracw pier. waaebec: 1907; 
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Baumann, R. Der heutige Stand der Frage der Rifbildung in Kessel- 
blechen. — La formation des fissures dans les toles de chaudieres, — The 
formation of cracks in boiler plates, ,,Z. d. Ver. D. Ing.*, 14. Dez. 1907. 

Turner, Th. Volumen und Temperaturanderungen wahrend der Ab- 

kihlung von Roheisen. — Changements de volume et de température 
pendant le refroidissement de la fonte brute. — Changes in volume and 
temperature during the cooling of pig iron _,, GieBerei-Zeitg.“, 15. Okt. 1907. 

Hort, Dr. H. Die Warmevorginge beim Langen der Metalle. — Phéno- 
ménes calorifiques pendant la dilatation des métaux. — The heat processes 
in the dissolving of metals. »Z. ad, Ver, D. Ing.“, 10 Nov. 1906. 

Hort, H Die Umwandlungswarme von Eisen. (Beim FlieSen auftretende 
Wiarmemenge.) — La valeur de transformation du fer (chaleur produite 
pendant l’allongement), — The transformation-heat of iron (developed 
during the flow of the mat,), ,Physikal. Zeitschr.*, Bd. 8, 15. Nov. 1907. 


Harker, J. A The specific heat of iron at high temperatures, — Die 
spezifische Warme des Eisens bei hohen Temperaturen. — Chaleur spéci- 


fique du fer aux hautes températures. 
Nat. Phys. Laboratory, Vol. II 1907 (Proc. Phys, Soc. June 1905. Phil. Mag. Oct. 1905). 


Mars, G. Ein Karbidbestimmungsapparat fiir Stahl und Eisen. — 
Appareil pour doser le carbure de l’acier et du fer. — An apparatus for 
the determination of carbide for steel and iron. 

,Mitt. kgl. Matprfgsamt‘*, 1907, 3. Heft. 


Werkner, H. Die optischen Apparate der Mikrophotographie, — 
Objectifs et appareils optiques pour la photographie microscopique. — 
Optical apparatus for microscopic photography. 

,Ostr, Ztrl. Zeitg, f. Optik u, Mech.*, 15. Feb, u. 1. Marz 1907. 


Le fer et l’acier et leurs alliages. 
Influence des additions sur les proprietés mécaniques. 


Eisen und Stahl und seine Legierungen. 
EinfluB der Zusdtze auf die mechanischen Eigenschaften. 


Iron and Steel and their Alloys. 
Influence of the Aggregates on the mechanical properties. 


Stoughton. Foundry mixtures. Effects of various impurities on pig 


iron, — Einflu8 von Zusatzen auf das Gufeisen, — Influence des impuretés 
sur la fonte. ylron Age“, Nov. 15, 1906. 
Pourcel, A. L’azote dans le fer et l’acier. Son influence sur leurs 
propriétés, — Stickstoff in Eisen und Stahl. — Nitrogen in iron and steel, 


,cenie Civil“, Sept. 15, 1906. ,Fer et Acier“, Oct, Nov. 1906. 

Braune, H. Uber die Bedeutung des Stickstoffes in Eisen, — De l'influence 
de l’azote sur les propriétés du fer. — The influence of nitrogen on the 
properties of iron. : ,otahl und Eisen“, Nov. 15, 1906. 
,»cénie civil*, Déc, 1, 1906. 

Rasch, E. Physikalisch-metallurgische Rundschau. — Note générale sur 


la constitution des métaux, — On the physics and constitution of iron- 
»Dinglers P, J.*, 8. Nov. 1906, 


Thomas, A, S. Influence of silicon and graphite on the open-hearth 


process, — Einflu® des Siliziums und Graphits auf den Martinproze6. — 
Influence du silicium et du graphite dans le procédé de fabrication de 
l’acier sur sole, »lrans. Am Inst. Min, Engrs*, Nov. 1906. 
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Alliages. — Legierungen. — Alloys. 


Hatfield, W. H. The influence of carbon on cast iron. Abstract ofa 


report of research work, — Einflu8 von Kohlenstoff auf GufSfeisen, — 
Influence du carbone sur la fonte. ylron Age*, Dec. 27, 1906, 
Field, H. Manganese in cast iron. — Einflu§8 des Mangans in Gufeisen. — 


Influence du manganése sur les qualités de la fonte. 
,Eng. News“, June 6, 1907. ,Echo Ind.*, Aott 25, 1907. 


Houghton, E. Special ferro alloys for the foundry. — Einflu8 der Zusatze 
im Gu8 auf das Material, — Influence des ferro-alliages sur la fonte, 
»Foundry“, Sept, 1907. ,Ir. and Coal Tr. Rev.‘, Sept. 20, 1907. 


Howe, H. M. Behaviour of carbon and phosphorus in steel, (A dis- 
cussion of J, E. Stéad’s explanation of the bending of C and P) — Uber 
Steads Erkldrungen, betreffend das gegenseitige Verhalten von Cu, P im 
Stahl, -— Sur les commentaires de Stead relatifs au rdle de C et P dans 
l’acier, ,Eng. and Min, Jour“, June 8, 1907. 


Law, E. F. The non-metallicimpurities in steel. — Die ametallischen Bei- 
mengungen im Stahl, — Les impuretés non-métalliques de l’acier. 
,Journ, Ir, and St. Inst.“ IL. 1907. ,Iron Age* Aug, -22, 1907, 
Rudeloff, M. Siebenter Bericht iber Untersuchungen von Eisen- Nickel- 
Legierungen. — Rapport sur les recherches sur les alliages de fer et de 
nickel. — Report on the researches on iron-nickel-alloys, 
»Ver. z. Befdg. d. Gewfl.“ 1906, Beiheft, 


Carpenter, A. C.H., Hadfield, R. A., Longmuir, Percy. On the properties 
of a series of iron-nickel-manganese-carbon alloys, being the 
7th report to the Alloys Research Committee of the Inst. of 
Mech. Engrs, — Uber die Eigenschaften einer Reihe von Eisen- 
Nickel-Mangan-Kohlenstoff-Legierungen., VII. Bericht der Kom- 
mission des Inst, of Mech, Eng, fir das Studium von Legie- 
rungen, — Propriétés d’une série d’alliages de fer-nickel-manganése 
et carbon. BED ey du Comité des alliages de l’Inst. of Mech, Eng. 

yNat. Phys. Laboratory* vol. II, 1907. 
Stahl und Eisen* 1, Sept.—15. Oct. 1906. 


Soliman G. yitrep spéciaux, — Spezialstahle. — Special steels. 
,Rev. gén. Chimie pure et appliqué“ Nov. 18 et Déc. 2, 1906, 


Clamer, G. H. The history and development of the alloy practice in 
the United States as applied to railway bearings, — Die Lager- 
legierungen bei den Eisenbahnen der Vereinigten Staaten. — Histoire et 
développement de la pratique des alliages aux E. U. pour les coussinets 
de chemin de fer. yam. Soc. Test. Mat,‘ 1907. 


Buchanan, J. Practical alloying. The properties of alloys. — Die Erzeugung 
von Legierungen und ihre Eigenschaften. — Fabrication des alliages, 
propriétés des alliages divers, »Foundry* Oct. 1906, 
Guillet, L. Aciers nickel-silicium. — Nickel-Siliciumstahle. — The nickel- 
silicon-steels, ,Rev. de Métall.“ Oct. 1906 

yooc, d’Enc,* Déc. 1906; 


Rothe, J. Uber die Beziehungen zwischen dem spezifischen Gewicht 
und dem Siliciumgehalt im Ferrosilicium. — Sur le rapport entre 
le poids spécifique et la-teneur en silicium du ferro-silicium. — On the 

' relations betwecn the specific gravity of and the proportion of silicium 
in ferro-silicium, 
»Kgl Matprfgsamt* 1907, 1. Heft, 

Waterhouse, G. B. The influence of nickel and carbon on iron. — Uber 
den Einflu8 von Nickel und Kohlenstoff auf Eisen. — De l’influence du 


nickel et du carbone sur le fer, 
,Electrochem, on Mtel, eS « Noy,, Dec. 1906. 
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Guillet, L. Aciers chrome-tungsténe, — Chrom-Wolframstahl.. — Chrom 
tungsten steel. »Rev. de Metall.“, Janv. 1907. 


Fay, J. Special Auto Steel. — Versuche mit Spezialstahl, — Essais sur un 
acier spécial. »Am, Soc, Mech. Eng.“, June 1907. 


Haynes. Material for automobiles, — Festigkeitszahlen von Ni- u. Co-Stahl. 
— Métaux pour automobiles (aciers au Ni et au Co). 
yAm. Soc. Mech. Eng.*, June 1907. 


Reiniger, G. Thermit Steel. — Uber Thermitstahl. — L’acier au thermit. 
,ourn. U, S. Art.“, July, 1907. 
Corson, C. E. Heat Treatment of Steels containing fifty and eighty 
Hundredths Per Cent of Carbon, — Warmebehandlung von Stahl mit 
0°50 u. 0-80°/, C. — Traitement thermique des aciers 4 0,50 et 0,809/, de 
carbone. ,Am. Inst, Min. Eng.* Sept. 1906. ,Stahl u. Eisen‘, 1. Okt. 1906. 


Lake, E. F. Heat Treatment of alloyed steel, — Wa&armebehandlung von 


Stahllegierungen, — Traitement thermique des aciers spéciaux. 
»yAm. Mach.,“ August 17, 1907. 
Guillet, L. Les alliages étain-nickel. — Zinn-Nickel-Legierungen. — A 
study of tin-nickel alloys. yRev. Met.*, Juin 1907. 
Chrom-Nickelstahle (Untersuchungen Guillets). — Les aciers au chrome- 
nickel. Recherches de Guillet sur quatre séries. — Chrome-nickel steel, 
Guillet’s investigations on four series. yotahl u. Eisen‘, 8. Mai 1907. 
Kedesdy. Guillets Untersuchungen tuber Quaterndarstahle. — Les 
recherches de Guillet sur les aciers quaternaires. — Guillet’s investigations 
on quaternary steels. ,otahl u. Eisen*, 24. Juli 1907. 
Lake, E. F. The forging of alloy steels. — Schmiedbarkeit und SchwetfSen 
von Stahllegierungen. — Effet de la température sur les aciers spéciaux, 
forgeage, soudage, revenu. yAm. Mach.“ 14. Sept. 1907. 
Lake, E. F. Nickel-chrome steel. -— Nickel-Chromstahl und seine Erzeugung. 
Einflu8 von Si, P, Mn Wéarmebehandlung. — Li’acier nickel-chrome. 
Influence de Si,.P, Mn, traitem. therm. »yMachinery‘, July 1907. 
Lake, E. F. Nickel Steel, — Uber Nickelstahl. — L’acier au nickel. (Composition 
traitement, application.) »Machinery“, Sept. 1907. 
Wedding. Nickeleisen. — Acier au nickel. — Nickel steel. 


,ostahl und Eisen“, 6. Februar 1907. 


Rosa, E, B. and Babcock, H. D, The variation of ain etl resistances 
with atmospheric humidity. — Festigkeitsdnderung des Manganins 
mit dem Wechsel der Luftfeuchtigkeit. — Variation avec le degré d’humi- 
dité de l’air de la résistance de l'alliage Cu, Mn, Ni. 

yelec. Wl1d.“, June 29, 1907, 


Lake, E. F. Manganese steel and some of its uses, — Manganstahl 
und seine Bedeutung. — L’acier au manganése et quelques-unes de ses 
applications. »Am, Mach.“, June 1, 1907. 

Maurain, Ch. Essais des alliages magnétiques de manganése, — Ver- 
suche mit magnetischen ee ee emis aa ee — Magnetic alloys of man- 
ganese, Tests. yRev. Electr.-, Nov. 15, 30, 1907. 

Wologdine, S. Alliages de manganese et de cuivre. — Mangan-Kupfer- 
legierungen, — Alloys of manganese and copper. 

»Rev. d. Métall.*, Jan. 1907. 

Konstantinow, U. Sur les alliages decobalt et de cuivre. — Untersuchungen 


uber Kobalt- und Kupferlegierungen. — Alloys of cobalt and copper. 
»kev. d. Métall.“, Nov. 1907. 


Carpenter, C. H. and Edwards, C, A. Righth report to the Alloys Research 
Committee: On the properties o1 alloys of aluminium and copper. 
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— Achter Kommissionsbericht tiber die Eigenschaften von Aluminium- und 
Kupferlegierungen. — Huiti¢éme Raport sur les alliages d’aluminium et de 
cuivre, 
pinst. of Mech. Eng.*, Jan. 18, 1907. ,Engng.“, Jan. 25, Feb, 1, 22, 1907. 
Pécheux, H. Contribution a l'étude des alliages de l’aluminium, — 
Uber Aluminiumlegierungen. — Note on alloys of aluminium, 
Rev. Gén, d. Sciences“, fév. 15, 1907. 


Wedding und Miller. Kupfer im Eisen, — Influence de la présence du cuivre 
dans le fer. — Copper in iron. yotahl u. Eisen*, 1. Dez, 1906, 


Dillner, Kupfer in Eisen. — De linfluence du cuivre sur = propriétés de 


Vacier, — The influence of coppcr on.the properties of steel. 
,stahl u. Eisen“, 15. Dez: 1906. 


Hipin. ter in Eisen, — Influence du cuivre dans le fer, — Copper in iron, 
ystahl und Eisen‘, Bd, 27, 16. Jan. 1907. 


Gtrtler und Tamann. Legierung von Kupfer und Nickel. — Alliages du 
cuivre et du nickel. — Copper nickel alloys. 

»Zeitschr. f, anorg, Chemie“, Bd. 52, 3, Jan. 1907. 

Breuil, P. Les aciers au cuivre, — Kupferstahllegierungen, — Copper steels. 

,Reun. d. m. frang. et belges*, 29 juin 1907. ,Iron and Steel Inst.“ II, 1907. 


Guillet, L. Quelques remarques sur la constitution des alliages de 
cuivre. — Uber das Gefiige von Kupferlegierungen, — On the structure 
of copper alloys. ,Réun, d. m. franc. et belges“, 23 Mars 1907. 


Die Eigenschaften des Vanadiumstahles, — The properties of vanadium 
steel. — Les propriétés de l’acier au vanadium. 

: »GieBerei Zeitg.“, 20. Marz 1907. 

Lake, E, F. Some properties of vanadium steel. — Eigenschaften des 


Vanadiumstahles, — Influence du vanadium sur les propriétés de l’acier, 
yim. Mach.*, Mai 18, 1907. 


Lake, E. F. Vanadium steel. — Uber Vanadiumstahl, — Les caractéristiques 

de l’acier au vanadium. yMachinery.*, Oct. 1907. 

Guillet, L. Nouvelles recherches surlesaciers au vanadium ternaires 

et quaternaires, — Versuche tiber Vanadiumstahl. — Recent researches 

on ternary and quaternary vanadium steels. ,Rev. de Métal“, aotit. 1907. 

Clarage, E. T. The effect of vanadium in steel, — EinfluB des Vanadiums 
im Stahl. — L’influence du vanadium dans l’acier. 

ylt. Trad. Rev.“, Sept, 26, 1907. 

Smith, Kent, aja Types and tests of vanadium steels. — Untersuchung 

verschiedener Arten Vanadiumstahles, — Echantillons de différentes com- 


positions d’acier au vanadium et leurs essais. 
ylts Dead. Rev.*,. Aug.) 29, 1907. 
Schaeffers, Automobilstahl. Priifungsergebnisse tiber Va- und Cu-Stahl. — 


Essais sur les aciers au Va et au Cu. — Automobile Steel, 
»yMotorw.*, Nov. 30, 1907. 
Guillet. Les aciers au bore, — Borstahl. — Boron steel. 


»Réun, des m. frang. et belges“, juin 1, 1907. ,Rev. de Metall.“, aotit 1907. 
Guillet, L. Sur la constitution et les propriétés des aciers au bore. 
Zusammensetzung und Eigenschaften des Bohrstahles. — The constitution 
and properties of boron steel. ,Rev. Electrochim. et Electrométall.“, juin 1907. 
Guillet, L. Boron steels. — Versuche mit Bohrstahl, — Les pigs au bore, 
ylron and Steel Inst.‘, II, LeOT 
Swinden, Th, Carbon Tungsten steels. — Versuche iiber soy eas 


Aciers au Tungsténe. 
,lron and Steel Inst.“, vol. I, 1907. ,Ironmonger“*, May 11, 1907. 
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Guillet, L. Aciers au Chrome-Tungstéene. — Chrom-Wolframstahl, — 

Chrome Tungsten Steel. »kev. d. Métall*, Janv. 1907. 

Hocum, Ch. V. Titanium in steel and iron, — Versuche uber Titanium 
in Stahl und Eisen. — Influence du titane sur le fer et l’acier. 

,lron Age“, Nov. 14 1907. ,Ir. Trds. Rev.“*, Nov. 14. 1907. 

Carpenter, H.C. H. An analysis of the evoluton of modern mild steel. 

— Chemisch-analytische Bemerkungen tiber die neuere Entwicklung des 


Werkzeugstahles. — Notes analytiques sur l’évolution moderne de l’acier 
doux. »Engng*, May 38, 17, 1907. 
Colvin, Fr, H. Actual results with high-speed steel. — Neueste Ergeb- 
nisse im Schnellarbeitsstahl, — Résultats actuels obtenus avec I’acier 
rapide. »Am, Mach.“ Nov. 24, 1907. 
Brass mixtures, Red brass, yellow brass, phosphor-bronze, venti- 
lation etc. — Legierungen von Kupfer, Bronze, Zinn etc. — Les 


alliages de cuivre: bronze, laiton, etc. Mech, World‘, March 1, 1907. 


Sperry, E. S. The effect of antimony on high-brass rods, — Der Ein- 
flu8 auf Antimon im Messing. — Influence de l’antimoine sur les barres 


de laiton. ,Brass Wld.*, Sept. 1907. 


Mc Lennan, J. C, On the magnetic properties of HT eneteie Alloys. — 
Uber die magnetischen Eigenschaften von Heusler’s Legierung. — Propriétés 
magnétiques des alliages de Heusler. »Llect..Lond.*, Sept, 6, 10072 

Berwerth, Steel and meteoric iron, — Stahl und Metebweaeng — Acier et 
fer météorique. ,lron and Steel Inst.“, vol. IH, 1907.: 


Schiirman u. Scharfenberg, Dr. W. Zur Analyse von Weifmetallen und 
aihnlichen Legierungen. — A propos d’analyse de métal blanc et 
d’alliages analogues, — On the analysis of white metals and their alloys, 

»Mitt, kgl. Matprfgsamt*, 5. Heft, 1907. 


Béton armé. — Eisenbeton. — Iron concrete. 


Talbot, A, N. Tests of concrete iron: I shear; Il bond, — Versuche uber 
die Scherfestigkeit und das Haftvermégen des Stahls in Betoneisen. — 
Résistance du béton au cisaillement et adhérence du fer, 5 

, Univ, Ill. Bull, Nr. 8“, Sept. 1906. ,Eng. News‘, Febr. 14, 1907. 


Morsch, E. Versuche tber die Schubwirkungen bei Eisenbetontragern. 
— Larésistance du béton au cisaillement et 4 la compression, — Experiments 
on the effect of stress in reinforced-concrete beams, 

»Beton u, Eisen,“ Nov. 1906. ,Deutsche Bauztg.*, 13. Apr., 20. Mai 1°07. 

Meyer, O. Uber die Festigkeit von Eisen und Messing am Beton. — 
L’adhérence du fer et du laiton au béton, — The adherence of steel and 
brass to concrete. ,Baumaterialienkde*, 1906. Hft, 22. 

Condron, T. L. Tests of bond between concrete and steel. — Versuche 
iiber Haftvermégen zwischen Stahl und Beton, Essais d’adhérence de l’acier 
au béton, »Eng. News.,“ Dec. 20, 1906. ,Am. Soc. Test Mat.,* 1907 

Schiile, F. Untersuchung von armiertem Beton aufreine Zugfestigkeit 
und auf Biegung unter Berucksichtigung der Vorgange beim 
Entlasten, — Essais & la traction et & la flexion du béton armé, — 
Tensile and bending tests of reinforced concrete, 

»Deutsche Bauztg.“, 81. Okt., 12. Dez, 1906. ,Schweiz. Bauztg,“, 29. Dez. 1906. 
Concer, and Const, Eng.*, Nov. 1906. 

Talbot, N. Tests of reinforced concrete beams. Series of 1906. 2 Vera 
suche mit Eisenbetontrigern. — Essais de poutres en béton armé. 

,Un. Ill, Bull.“ Nr. 12, Febr. and Nr, 14, Aug. 1907. 
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Bach, H. Neuere Versuche tiber die Haftfahigkeit des Eisens am Beton, 
— Nouvelles recherches sur l’adhérence du fer au béton. — Investigations 
on the adherence of iron to concrete. »Beton und Eisen*, Febr, 1907. 


Considére. Esais de crochets pour l’amarrage des extrémités des barres 
tendues. — Hakenformige Abbiegung gezogener Stabe zur Erhéhung der 
Haltefestigkeit, — Experiments with hookings for anchoring the ends of 
the bars under tension. ,Reun, m, frang, et belges*, 27, Avril 1907. 


Weiske. Die Haltefestigkeit zwischen Beton und Eisen im Eisen- 
betontrager, (Besprechung der Versuche von Emperger und Probst.) — 

Les essais faits par Emperger und Probst sur l’adhérence du fer. au béton, 

— Emperger’s and Probst’s tests on the adherence of iron to concrete, 
»Dinglers P. J.“, 11. Mai 1907. 

Probst. Prof, v. Bachs Untersuchungen mit armiertem Beton. — Les 
expériences du professeur v. Bach sur le béton armé. — Prof. v. Bach’s 
experiments on reinforced concrete, ,Dingters P. “3%, 1.,-8. Juni 1907. 


Bach, C. Zur Frage der Dehnungsfahigkeit des Betons mit oder ohne 

Eiseneinlagen. — La dilatation du béton et du béton armé, — The expan- 

sion of concrete with and without reinforcement, . 

»Z. V. D, Ing.*, 29. Juni 1907, 

Schinke, M. G. und Loser, B. Eine Eisenbetonstudie, — Tests of rein- 
forced concrete. (Compression tests.) — Etude sur le béton armé. 

»Beton u, Eisen“, Juni u. Juli 1907. ,Cement*, Aug. 1907. 

Burchartz, H. The slipping resistance of steel and brass in concrete. 

— Haftvermégen von Stahl und Messing in Beton. — L’adhérence de 

lacier et du cuivre au béton. ,»Eng. Rec.“, Aug. 8, 1907, 


Johnson. Tests of the adhesion of steel to concrete in beams, — Ver- 
suche uber das Haftvermégen von Stahl im Beton. — Essais d’adhérence 
de l’acier dans les poutres en béton armé, ,Eng. News“, Aug. 15., 1907, 


Boost, H. Neuere Versuche mit Eisenbeton. Haftfestigkeitsversuche 
von Prof. de Puy in Chicago. — Le béton armé, Essais d’adhérence 
du Prof. de Puy. — Prof. de Puy’s tests on the adherence of reinforced 
concrete, Beton u. Eisen“, S. 47, 230, 265. 


Shuman, J. J. Notes oncoldtwisted steel rods for concrete reinforce- 
ment, — Einflu8 von tordierten Stahlstaben im Eisenbeton, — Notes sur 
les barres d’acier tordues a froid pour le béton armé. 

SAME sec, Pente Mat, 5 1907. 

Brik, J. Ergebnisse einiger neuen Versucheitiber den Scherwiderstand 
reiner und armierter Betonprismen. — Essais sur la résistance au 
cisaillement des prismes en béton et en béton armé. — Results of some new 
series of tests on the shearing strength of plain and reinforced concrete. 

,Ost W, f. d. off. Baud.“, 7. Sept. 1907. 

Hatt, W. K. The effect of the time element in loading reinforced con- 
crete beams, — Versuche uber wechselnde Belastungen bei Eisenbeton- 
tragern, — Influence de l’époque d’application de la charge sur les poutres 
en béton armé, pine coc. Lest. Nlaft.*, 1907. 


Fraser, O. Test of a reinforced concrete beam. — Versuche an einem 
Betoneisentrager, — Essais de poutres en béton armé. 

»Cal. Jour. of Tech.“, Oct. 1907. 

Surtees, R. T. A few tests and experiments with reinforced concrete 

— Versuche und Erfahrungen mit Betoneisen, — Béton armé. Essais et 

expériences. plang; Rec.“ Dec, 14, 1907. 

Masereeuw, H. Versuch mit einer Platte aus Betoneisen fiir einen 

Tunnel, — Essai d’une plaque en béton armé formant la voute d’un 
tunnel, — Test on a slab of reinforced concrete for a tunnel, 

»Beton und Eisen“, Nov., Dez. 1906, Janner 1907. 
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Béton armé. — Eisenbeton. — Iron concrete. 


Miller. Untersuchungen an Plattentragern aus Eisenbeton,. — Essais 
de poutres en béton armé. — Tests of reinforced concrete bearers for 
flooring-plates, Ver. z. Ford. d. Gewerbfl., Marz—Mai 1907. 


Maillart. Belastungsprobe eines Eisenbetonkanals. — Essai de charge 
d’un canal en béton armé. -— Load test of a reinforced concrete channel. 
yochweiz, Bauztg.*; "Sept: -7.,) 1907. 


The Committee’s report. Load test of floors. — Belastungsversuche von 
Eisenbetondecken, — Essai de charge de planchers. 
R. B. Brit. Fire Prev. Comm. Nr. 125 (1907) 


Lindall, A. S., and Heekle, G. R. Carrying capacity of reinforced con- 
crete floor construction. — Versuche tiber Tragfahigkeit von Eisen- 
betondecken. — Charge admissible pour les planchers en béton armé. 

»Eng. Rec.*, July 20, 1907. 


Eberling. Die Probebelastung einer Eisenb etonkonstruktion, — Essai 
de charge d’une construction en béton armé. — Load test of a reinforced 
concrete structure. »Epité Ipar*, Budapest 1907, Nr. 58. 


Probst, E. Einflu®8 der Armatur und der Risse im Beton auf die Trag- 
sicherheit, — Influence de l’armature métallique et des fentes dans le 
béton sur la sécurité de résistance a la charge, — Influence of the 
armature and of the cracks in the concrete on the factor of safety. 

Mitt, Kgl, Matprfgsamt. 1907, Ergzgshft. I.- 

Thullié, M., R. v. Neue Versuche mit betoneisernen Saulenin Lemberg. 
— Nouvelles expériences 4 Lemberg sur piliers en béton armé. — Recent 


experiments carried out at Lemberg on reinforced concrete columns. 
»Beton und Eisen“, Dez. 1906. 


Howard, J. E. Notes-on some additional tests of concrete columns: 
— Weitere Versuche mit Eisenbetonsaulen. — Sur quelques essais additionnels 
de piliers en béton armeé. »Am. Soc, Test. Mat.*, 1907, 


Talbot, A. N. Tests of concrete and reinforced concrete columns, Series 
of 1906, — Prifung von Saulen aus Beton und aus Eisenbeton. — 
Essais de piliers en béton et en béton arme. 

»Univ, Ill. Bull.“ No. 10, Feb, 1, 1907, ,Eng. News“, July 11, 1907. 


Talbot, A. N. Tests of concrete columns, — Versuche mit Beton- und 
Eisenbetonsaulen. — Essais de piliers en béton et en béton armé. 
»Am. Soc. Test Mat.“ 1907 (,Eng. News“, Sept. 26, 1907). 


Talbot, Artur N. Tests of conrete and reinforced concrete columns, 
Series 1907. — Versuche mit Beton- und Eisenbetonsdulen, Serie 1907. — 
Essais de piliers en béton et en béton armé, Série 1907. 

,Univ. Ill. Bull.é No. 20, Dec., 1907. 


Watertown Arsenal. Tests of Concrete and Mortar Columns, — Proben 
mit Beton- und Ejisenbeton-Sdulen. — Essais de colonnes en béton et 
béton armé. »Rep. Watertown Arsenal*, 1907. 


Considére, A. Le Béton fretté et ses applications. — Versuche uber um- 
schnirten Beton, -—- Hooped concrete and its applications. 

»Genie Civil*, Feb. 9, 1907. 

Thullie, M. v. Neuere franz6sische Versuche mit umschntrtem Beton. 

— De récents essais frangais du béton fretté, — Recent French tests on 

hooped concrete. »Beton u. Eisen*, 1907, Heit, V, Vie 


Emperger, F. v. Welche statische Bedeutung hat die Einbetonierung 
einer Eisensaule? — Importance statique du remplissage en béton 
d’une colonne en fonte. — What statical importance has the covering of 
an iron column with concrete, »Beton u. Eisen“ 1907, Heft VII. 
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Abramoff, N, M. Grundangaben tuber die gleichlautende Untersuchung 
der Eigenschaften des umschniirten Betons System Considére 
und Abramoff, — Principes de l’essai d’équivalence des propriétés du 
beton fretté, systemes Considére et Abramoff. — Fundamental particulars 
of the likenamed investigations of the properties of hooped concrete on 
the Considere and Abramoff system. 

»Baumaterialienkunde*, 1, Dez. 1907. 


Bach. C, Versuche mit einbetoniertem Thacher-Eisen. (Ergebnisse) — 
Experiences sur une piéce en fer remplie de béton. (Résultats.) — Experi- 
ments with Thacher-iron imbedded in concrete. (Results.) 

»Z. V. D, Ing.“, 30. Marz 1907. 


Emperger, F. v. Knickversuch mit einer ausbetonierten Eisensdule, — 
Essais de flexion d’une colonne en fer entourée de béton. —- Flexion tests 
of an iron column covered with concrete, »Z. 6. I, u. A.-V.*, 25. Okt. 1907. 


MacFarland, H. B. Tests of the effect of heat on reinforced concrete 
- columns — Versuche tber den Einflu$8 der Hitze auf Eisenbetonsdulen. 

— Expériences de colonnes en béton soumises a de hautes températures. 
yEngng, News“, Sept. 20, 1906, ,Engineer Chic.“, Nov. 1, 1906. 


Mac Farland, H. B. Fire and load test of a reinforced concrete beam. 
— Feuerbestandigkeits- und Belastungsversuche von Eisenbeton. — Essais 
de résistance au feu et a la charge d’une poutre en béton armé, 

yEng. News.* March. 21,1907. 


Woolson, Ira H. Investigation of the Thermal Conductivity of con- 
crete and embedded steel and the effect of heat upon their 
strength and elastic properties, — Versuche tiber die Warmeleitung 
von Beton und der Armierung und Einflu8 der Hitze auf die Festigkeit 
und Elastizitat, — Recherches sur la conductibilité calorifique du béton et 
du beton armé et sur l’effet de la chaleur sur leur résistance et leur pro- 
priétés élastiques, sam, soc, rest, Mat?) 1907. 


Committee’s report. Fire tests with floors. — Versuche tiber Feuersicherheit 
von Eisenbeton und Beton-Decken. — Essais de planchers 4 la résistance 
au feu. yk. B. Brit. Fire Prev., Comm.* 114 (1906), 118, 119 (1907). 


Concrete and Reinforced Concrete Coustruction from the Fire Pro- 
tection Point of view. — Beton und Betoneisen vom Standpunkt der 
Feuersicherheit. — Le béton et le béton armé quant 4 leur résistance 
au feu, ,seng. News.*, June 6., 1907, 


Suenson, E. Die Feuersicherheit, Temperaturausdehnung sowie Warmeleitungs- 
fahigkeit des Eisenbetons, — La sécurité contre le feu, la dilatation et la 
conductibilité calorifique du béton armé. — Safety against fire. Elongation 
due to temperature and heat-conductivity of reinforced concrete. 

. »Den tekn. Forenings Tidsskrift“, 1907, S. 17. 


Mesnager, A. Expériences sur‘une semi-articulation pour voites 
en béton armé. — Untersuchungen tiber Gelenkbogen aus Ejisenbeton, 

— Tests on reinforced concrete jointed arches. 
»yAnn. des Ponts et Ch.* 1907, IJ, p. 180. 


Watertown Arsenal. Tests of Concrete and mortar columns, — Proben 
mit Beton- und Eisenbctonsaulen. — Essais de colonnes en béton et béton 
armé, Rep, Watertown, Ars. 1907. 
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Ciment et béton. — Zement und Beton. — Cement and concrete. 


Ciment, mortier de ciment et béton; leurs constituants et leurs 
--propriétes. — Experiences. 


Zement, Zementmortel und Beton, ihre Bestandteile und 
Higenschaften. — Versuche. 


Cement, Cement-Mortar, and Concrete; Their Constituents and 
Properties. — Experiments. 


Gary, M. Veranderungen an Beton. — Modification du béton, — Changes 
in concrete. Mitt. Matprfgsamt, Heft 6, 1906. 


Sadtler, S. Classification and uses of cement. — Einteilung und Ver- 
wendung von Zement. — La classification des ciments et les emplois de 
ceux-ci, il. Franklin Inst.*, Nov., 1907. 


Burchartz, H. Die Eigenschaften von Portland-Zementen, — Les qualités 
des ciments portland. — Properties of portland cements, 
Mitt, Matprfgsamt, Heft 3, 1$07: 


Verri, A. Sur les puzzolanes et autres mat. de constr. de la Campagna romana. 
-— Uber Puzzolane und andere Baumaterialien der Campagna romana. — 
On puozzolanas and other material of construction of the Campagna 
romana, Giornale dei Lavori Publici 1907, Nr. 22. 


Giorgis, G. Figenschaften der Puzzolane, — Qualités des puzzolanes, — 
Properties of puozzolanas. Ass. ital. p. studi in mat. da costruz., 1907. 


Burchartz, H. Belgische Zemente. — Ciments de Belgique. — Belgian cements. 
Mitt. Matprfgsamt, Heft 6, 1907. 


Hillebrand, W. F. The analysis of silicate and carbonate rocks. — 
Analyse kiesel- und kohlenstoffhaltiger Gesteine, — Analyse des silicates 
et carbonates minéraux. »U. S. Geol. Survey Bull.“ 305, 1906. 


Balthasar, C. Bestimmung von Kalk- und Magnesia. Durchfuhrung der 
Analyse. — L’analyse quantitative de la chaux et de la magnésie, — 
Quantitative analysis of lime and magnesia. ,Tonind,-Zg.*, 27. Juli 1907. 


Maynard. Etude d’un phénomeéne de dissociation du mortier de ciment 
par infiltration d’eau, — Studium einer Zersetzungserscheinung von 
Portlandzement durch das Eindringen von Wasser. — Study of a case of 
decomposition of Portland cement by the infiltration of water. 

»Réun, d. m. frang. et belg.“, 27 avril 1907. 


Le Chatelier, H. Observations préliminaires au sujet de la décom- 
' position des ciments a la mer. — Vorldufige Beobachtungen uber 
die Zersetzung von Zementen im Meerwasser, — Preliminary observations 

on the subject of the decomposition of cements in sea-water. 
: »Ann. d. Ponts et Ch.“, Heft Il, 1907 


Le Chatelier, H. The setting of Portland cement, The behaviour of 
cement in sea-water. — Verhalten von Portlandzement im Seewasser. 

— Maniére dont se comportent les ciments dans l’eau de mer, 
»concrete & Const. Eng.“, May 1907. 


Revere, G. Ciment résistant a l’eau de mer. — Im Meerwasser haltbarer Zement. 
— Cement capable of resisting the effects of sea-water. 
»Mon, Tec.*, Juillet 10, 1907. 
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Verdinois, C. Uber Puzzolane im Seewasser. — Puzzolanes dans l’eau de mer, 
— Puozzolanas in sea-water. 


Ass. ital. per gli studi sui mat. da costruz., 1907. 


Committee, Report of. The action of sea water on concrete. — Erfahrungen 
uber das Verhalten von Beton in Seewasser. — L’action de l’eau de mer 
sur le ciment. ,Rd. Gaz.“, Nov., 1907. 


Guérard. Observations sur le rapport de MM, Czarnowski et Baykoff 
au Congres de Bruxelles. — Bemerkungen zum Bericht von Czarnowsky 
und Baykoff f. d, IV. Int. Kongr. — Remarks on the report of Messrs, 
Czarnowski and Baykoff at the Brussels Congress, 

»Réun, m, frang, et belg.“, 27. Oct, 1906. 


Renezeder, H. Uber den Einflu8 einiger Lésungen auf Portland- und 
Schlackenzement. — L’influence de quelques solutions sur le ciment 
Portland et de laitier, — The effect of some solutions on the Portland and 
slag cements. »Ost. W. f, d. ff. Baudienst“ Nr. 8 und 28, 1907. 


Carpenter, R. C. The effect of oil on cement mortar, — EinfluB von Ol 
auf Zementmortel, — De l’effet de I’huile sur les mortiers de ciment. 
nProc, Am, Soc. Test, Mat*, 1907. ,Eng. News“, 4, July, 1907. 


‘Moncriff, A. B. Influence de Vhuile sur la résistance du ciment Port- 
land. — Einflu8 von Ol auf die Festigkeit des Portlandzements, — 
Influence of oil on the strength of Portland cement. 


»Génie Civil*, 22 dec,, 1906. 


Blaese, O. v. Uber die Einwirkung wisseriger Chlorkalzium- und 


Chlormagnesiumlésungen auf Portlandzement, — Influence de la 
solution étendue de chlorure de chaux et de chlorure de magnésie sur le 
mortier de ciment. — Influence of diluted solutions of chloride of lime 


and of chloride of magnesium on cement mortar. 
» lonind.-Ztg.*, 22. Sept. 1906. 


Uber den Einflu8 von Salzlésungen auf Portland- und Schlacken- 
zement. — Influence des solutions salines sur les ciments ordinaires et 
de laitier. — Influence of salinee solutions on ordinary and slag cements, 

» lonind,-Ztg.“, 11. Feb. 1907, 


Schott. Beitrag zur Erkenntnis der Konstitution des Portlandzements. 
— Etude de la constitution du ciment Portland, — Paper on _ the 
constitution of Portland cement, y fonind,-Ztg,*, 23, Juli 1907. 


Collot. Note sur des phénoménes de décomposition de mortiers 
constatés dans divers souterrains du chemin de fer de ceinture 
de Paris et sur les moyens employés pour enréparer les effets, 
— Zersetzungserscheinungen von Mortel, beobachtet bei der Stadtbahn in 
Paris, und Mittel dagegen. — The phenomena of the decomposition of 
mortar observed on the Paris Metropolitan Railway, 

»Rev. Gén, Ch, de fer“, Juillet 1907. 


Campbell, E. D., and White, A. H. On the constancy of volume in Port- 
land Cement, — Volumbestandigkeit von Portlandzement. — La constance 
de volume du ciment dit de Portland pendant et apres sa prise. 

»Min, Rep. Denver“, 22, Nov., 1906. 


Gadd, W. L, Notes on the Le Chatelier Tests. — Bemerkungen zu dem Le 
Chatelierschen Zementpriifungsverfahren. — Les expériences de Le Chatelier 
sur la limite de dilatation a admettre pour un ciment. 


»Engr. Ld.*, Sept. 18, 1907. 
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Kasai, S. Uber Ausdehnung von Portlandzementmértel im Sif- 
wasser und im Meerwasser. — La dilatation du mortier de ciment 
Portland dans l’eau douce et l’eau de mer. — The expansion of Portland 
cement in fresh and in salt water, ,Tonind. Zeitg.“, 2. u..9, Marz 1907. 


Dounam, J. G. und Barker, J. J. L’expansion du ciment Portland. — Die 
Ausdehnung des Portlandzements. — The expansion of Portland cement. 
»Rev. Mat. Const.*, Juillet 1907. 


i Conover, H. The Ageing of Portland Cement, (Discussion as to why it becomes 
quick setting on ageing.) — Das Lagern und Abbinden des Portlandzements. 
— Le vieillissement du ciment Portland. »cement Age.*, Dec., 1906. 


Baire. Echauffement du ciment pendant la prise, — Erwarmung des 
Zements wahrend des Abbindens. — Heating of cement during the 
process of setting. »Réun, d. m. frang. et belges*, 27. Oct. 1906, 


Butler, D. The specific gravity of Portland cement — (Results jon 
experimental investigations ) — Untersuchungen uber das spezifische Ge- 
wicht von Portlandzement. — Densité du ciment de Portland. (Résultats 
d’expériences.) »Inst. Civ. Eng “ Nr. 3625. 

Dreschel, E. Die spezifischen Gewichte von Zement in den Lieferungs- 
bedingnissen. — A propos du poids spécifique du ciment dans les cahiers 
des charges, — Regarding the specific weight of cement in specifications, 

»Rev. matériaux Constr.“, Féevr. 1907, 


Flamand, H. De l’importance de la détermination du poids spécifiqué 


des ciments, — Die Bedeutung der Bestimmung des spezifischen 
Gewichtes von Zement, — The importance of determining the specific 
weight of cement. »kev. Matér. Const.*, April 1907. 


Meade, R. K. and Hawk, L. C. The specific gravity of Portland: 


cement, — + Das spezifische Gewicht des Portlandzements, — 
La densité du ciment portland. 
»Proc. Am. Soc, Test. Mat.“, 1907, ,Tonind.-Ztg.*, 12. Okt. 1907. 
‘Leduc, E. et Pellet, M. Note sur l’influence de la température de dés- 
hydratation de ]’albatre sur la prise du platre obtenu. — Einfluf 
der Zersetzungstemperatur des Alabasters auf das Abbinden des erzeugten 


Gipses. — Notes on the influence of de dehydration-temperature of ala- — 


baster on the setting of the resulting plaster of Paris. 
»Acad, des Sc.“, Paris 6 Aout 1906. 
Leduc. Influence de la température de déshydratation des platres sur 
la prise, — Einfluf der Zersetzungstemperatur der Gipse auf das Abbinden, 
— Influence of the dehydration of the plasters on their setting. 
»Reun. d: m. frang. et belges,“ 27 Avril 1907, 


Feret, R. L’étude et l’industrie du platre en France et a l’étranger. 


— Studium und Industrie des Gipses in Frankreich und auswarts. — — 


Study of the plaster industry in France and abroad. 
»kéun, d. m. frang. et belges,* 27 Avril 1907. 


Perin. Réponse aux communications. de M. Leduc et de Mo Peren 
Apercus théoriques et pratiques sur le procédé Perin pour 
la fabrication du platre. -- Bemerkungen zu den vorstehenden Mit- 
teilungen von Leduc und Feret, Erzeugungsverfahren Perin. — Reply to 
the communications of M. Leduc and M, Feret. Theoretical and practical 
review of the Perin process for the production of plaster of Paris. 

Réun. d. m, frang, et belges*, 25. Oct. 1907. 

Rohland, Die Wirkung von Soda auf die Abbindezeit des Portland- 
zementes, — Influence of soda on the time of setting of Portland cement. 
— Influence de la soude sur le temps de prise du ciment Portland, 

» lonindztg.*, 16. Marz 1907. 
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Butler, D. B. The setting of Portland cement in its chemical and 
physical aspect. — Das Abbinden des Portlandzements vom chemischen 
und physikalischen Standpunkte, — La prise du ciment Portland au point 
de vue chimique et physique. »Concrete & Const. Eng,“, March 1907. 


Blount, B. The setting of Portland cement, — Uber das Abbinden von 
Portlandzement. — La prise du ciment Portland, 
»Concrete & Const. Eng.“, Nov. 1907. 
Rohland, Dr. Uber den Erhartungsprozef8 hydraulischer Bindemittel, 
— Sur le procédé de durcissement des mortiers hydrauliques, ciment, 
trass, puzzolanes, — The setting process in hydraulic cements, 
»stahl u, Eisen,“ 8. Mai 1907. 
Speckmand, H.S. and Lesley, R. W. Hydraulic properties of re-ground 
cement mortars, — Hydraulische Eigenschaften von Zementmorteln, — 
Proprietés hydrauliques des mortiers de ciment pulvérisés, 
,eng, Rec.* 21. Déc: 1907. 
Leduc, E. Uber die hydraulischen Kalke und Zemente, — La chaux 
hydraulique, sa nature et son hydraulicité, — Hydraulic lime, its nature 
and quality, » lonind.-Zeitg.“, 19., 26, Jan, 
Steingraber. Zur Bestimmung des Gedeihens von gebranntem Kalk, 
— Détermination du foisonnement de la chaux vive. — The growth of 
quick lime and its determination. , Ponind.-Zeitg.“, 18. Okt. 1906. 
Loeser. Beitrag zur Einwirkung von Zementmasse auf feuerfeste 
Steine, — De l’influence du ciment sur les briques réfractaires. — Influ- 
ence of cement on refractory bricks of furnaces. 
» lonind.-Zeitg.*, 13. Juli 1907. 
Leduc, E. Action de la chaux sur le Silico-calcaire, — Einflu® des Kalks 
auf Kalksandstein. — Influence of lime on lime stone, 
»Reun. d. m. frang. et belges“, 26 janv. 1907. 
Gary. Baumoértel, — Mortier de construction, — Mortar for building pur- 
poses. »Mitt, Materialpfgs.-Amt*, 1907. 1. u. 3. Heft. 
Michaelis, W. Mitteilungen zur Kenntnis der hydraulischen Binde- 
mittel. Schmelzprodukte. — Contribution a l’étude des mortiers hydrau- 
liques, Quelques produits de fusion. — Cements and hydraulic limes. Some 
products of smelting. » Lonind,-Zeitg.“, 13, Juli 1907. 
Michaelis sen. W. Zur Kenntnis der hydraulischen Bindemittel II. — 
Contribution a l'étude des mortiers hydrauliques, — On hydraulic cements, 
»Baumaterialienkde,“, 1., 15, Aug., 1., 15. Okt. 1907 
Chatelier, H. Le. L’industrie des ciments et des chaux hydrauliques 
devant les consommateurs. — Uber das Verhiltnis zwischen Erzeugern ~ 
und Verbrauchern von Zement. — The cement industry and consumers. 
ykRev, de Metall.“, Oct. 1907. 
Reinhart, M. J. Standard sand for cement work. — Normalsand fiir Zement- 
bauten. -- Ciment de sable normal pour maconnerie. 
»Eng. Record“, July 20, 1907. 
Feret, R. Comparaison de mortiers plastiques faits avec trois sables 
de diverses provenances, — Vergleich plastischer MOértel mit Sand 
von verschiedenem Ursprung. — Comparison between plastic mortars 
made with sands from three different sources, 
,Baumaterialienkunde‘, 1., 15. Sept. 1906. 


Nielsen, Th. Kalkmértel mit Ziegelmehl. — Mortier de chaux et de brique 
pilee. — Lime-mortar with brick dust. yingenidren* 1907, S. 183. 
Hannover, H. I. Kalkmértel mit Ziegelmehl. — Mortier de chaux et de 


brique pilée, — Lime-mortar with brick dust, ylngenidren* 1907, S. 208. 
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Bach, C. Zur GréBe des Wasserzusatzes bei Beton, (Versuche.) — 
Additions d’eau & faire au béton (Essais), — On the volume of the water 
aggregate in concrete, ,Z. V. D. Ing.*, 16. Febr. 1907. 

. ,Baumaterialienkunde“, 1., 15. Februar 1907. 

Nasini, R. Recherches sur la résistance des ciments puzzolanes faites a l’Univ, de 
Pise, — Versuche iiber die Festigkeit der Puzzolancemente, ausgefuhrt an 
der Universitat Pisa. — Tests on the strength of Puzzuolana-cements, excudet 
at the University of Pisa. ,Assoc. ital. per gli studi sui mat. costr.“, 1907. 


Brabandt. Uber den Einflu& der Wassermenge auf die Druckfestig- 
keit von Zementmortel in Zementbeton. — Influence de la quantitée 
d’eau sur la résistance a l’écrasement du béton de ciment. — On the 
influence of the water aggregate on the resistance to crushing of the 
cement-mortar in cement-concrete. ,Zentralbl. f, Bauw.“, 10, April 1907. 


Uber den Einflu8 des Grobschlagzusatzes im Beton auf die Druck- 

-festigkeit (Versuche). — Influence des additions de eravier sur la rési- 

stance du béton a l’écrasement (Essais). — On the influence of the grouting 
ageregate in concrete on the resistance to crushing (Experiments). 

,Zentralbl. f, Bauw.*, 9. Okt. 1907. 

Fuller, W. B. and Thompson, S. E. The laws of proportioning con- 

crete. — Versuche iiber Mischungsverhaltnisse von Beton. — Lois des 

proportions du béton. - 
yEng. Rec.“, May 11. 1907, ,Proc, Am, Soc, Civ. Eng.*, March 1907. 


Michaélis, W. Zur Mahlung des Zements, — La Détermination de la 
finesse de mouture du ciment. — Determination of the fineness of cement 
when ground, »Tonind, Zeitg.“, 27. Okt. 1906. 


Feret, R. Comparaison de divers procédés de mouture des ciments. 
— Vergleich verschiedener Mahlungsarten der Zemente, — Comparison 
between the different cement-grinding processes. 

Rev, Matér. Constr.“ Nr, 22, Fev. 1907. 

Gary, M. Gewinnung und Darstellung des Siebfeinsten in hydrau- 
lischen Bindemttteln. — Procédés pour établir le degré de finesse des 
ciments. — Methods of determining the degree of fineness of cements. 

yTonind. Ztg.“*, 18. Juli 1907. 

Hunt, L. E. The value of brick in concrete (tests). — Ziegelbrocken in 

Beton (Versuche). — Valeur de’ l’addition de briques concassés au béton. 
wi ,calif. J, Tech., Berkeley Cal*,, Dec. 1906. 

Kesner, H. J. und Doolittle, F. W. Comparative tests of sandstone 
and slag as concrete aggregates. — Vergleichsversuche mit Sand- 
stein und Schlacke als Zusatzmaterial zum Beton, — Essais comparatifs 
de grés et de scories dans la fabrication des bétons. 

»Min, Rep.“, July 4, 18, 1907. 

Mesnager, A. Note sur l’influence dela barbotine lors de la reprise 
des constructions en béton de ciment armé interrompues. — 
Uber den Einflu8 von Schlick bei der Wiederaufnahme unterbrochener 
Betonarbeiten. — Notes on the influence of ooze where work is resumed 
on interrupted concrete structures, 

,Annales des Ponts et chaussées“, II. p. 181, 1907. 

Mesnager, A. Efficiency of cement joints in joining old concrete to 
new. — Wirksamkeit des Zements beim Anschlusse alten Betons an neuen. -— 
Efficacité des joints au ciment entre vieux et nouveau béton. 

»Eng. News.“, Dez, 12, 1907. 

Bach, C. Zur Frage der Dehnungsfahigkeit des Betons mit und ohne 
Eiseneinlagen, (Versuchsergebnisse.) — La dilatabilité du beton armeé 
et non armé. — On the question of the extensibility of concrete with and 
without the iron armourings (results of experiments). 

i »2. V. D, Ing.“, 29. Juni 1907) 
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Ciment et béton. — Zement und Beton. — Cement and concrete. 
The puddling eftect of water flowing through: concrete, —° Ap: 
nehmende Wasserdurchlassigkeit von Beton. — Effet de colmatage obtenu 


sur un bloc de ciment traversé par un courant d’eau sous pression. 
»Eng. Record‘, 1. Sept. 1906. 
Taylor, W. Methods of testing cement for waterproofing properties, 
— Prifungsverfahren fiir die Wasserdurchlassigkeit von Zementen. — 
Les essais du ciment au point de vue de son imperméabilité. 
»Mun, Engng.“, Oct. 1906. 


Ellms, W. Some experiments on the permeability of cement-mortars 
to water under pressure, — Wasserdurchlassigkeit von Zementmértel 
unter Druck. — Expériences sur la perméabilité des mortiers de ciment 
a l’eau sous pression, 

»Engng. Rec.*, New York, Oct. 27, 1906, ,Béton armé*“, April 1907. 

Gaines, R. H. The permeability of concrete and methods of water- 
proofing. — Die Wasserdurchliassigkeit des Zements und seine Dichtung 
— (Versuche des New Yorker Amtes fir Wasserversorgung.) — Perméabilité 
du béton et méthode d’imperméabilisation a l’eau. 

»Eng. News“, 26. Sept. 1907. 


Meade, K. Prevention of freezing in concrete by calcium chloride. 
— Verhitung des Frierens von Beton durch Calciumchlorid. — Sur 
Yemploi du chlorure de calcium pour prévenir la congélation du béton. 

»Eng. Rec.“, April 20, 1907, ,Houille Blanche*, Nov, 1907. 


Havlik, Effect ofsteam curing on the crushing strength of concrete 
— Versuche tiber den Wert der Damptbehandlung auf die Druckfestigkeit. 
des Betons. — Effet de la vapeur sur la résistance du béton a I’écrase- 
ment, »Eng. News.“, 5. Sept. 1907, 

Kirsch B. Eine Methode zur Bestimmung der Warmedurchlassigkeit 
von Baumaterialien, — Méthode pour déterminer la perméabilité 
calorifique des materiaux de constructions, — A method of determining the 
heat-permeability of building materials, »Mitt. Techn. Gew. Mus.“, 1906. 


Cement for building construction. (Report of the Comm. of Nat. Fire 


Protection Assoc.) — Zement fiir Hochbauten vom Standpunkt der Feuer- 
sicherheit. — Le ciment pour la construction, au point de vue de la 
protection contre le feu, »Eng. Record’, June 8, 1907. 


Essai du ciment et du béton. 
Prufung von Zement und Beton. 
Tests of Cement and Concrete. 


Burchartz, H. Die Priifung von abgebundenem (erhartetem) Zement- 
mortel und -Beton, sowie von Kalkmértel auf mechanische Zu- 
sammensetzung. — Essai du mortier et du béton de ciment aprés prise 
ainsi que du mortier de chaux quant a la constitution mécanique. — The 
testing of set cement-mortars, cement-concretes and lime-mortars in regard 
to their mechanical composition. ,Mitt. Matprfgsamt*, Heft 6, 1906. 


Dibdin, W. J. The composition and strength of. mortar. — Versuche 

uber Zusammensetzung und Festigkeit von Mortel, — Expériences sur 
la composition et la résistance des mortiers. 

,yourn. R, Inst. Brit, Arch.“*, Dec. 22, 1906. 

Griibler, M. Vergleichende Festigkeitsversuche an K6rpern aus 

Zementmértel. — Essais comparatifs sur des échantillons en mortier 


de ciment, — Comparative strength tests of cement mortar. 
»ZiVs)D,, Ing.*, .Feb))2, 1907. 
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Larned, E. S. The testing and use of Portland and natural cements, 
— Erprobung und Verwendung von Portland- und Romanzementen, — 
Essai et emploi de ciments Portland et romains. ,Quarry*, June 1907. 


Pace, G. S. Essais 4 la compression et a la traction des mortiers de 
ciment Portland et sables divers pour le choix dun sable 
normal italien. — Zug- und Druckversuche von Portlandzementen mit 
verschiedenen Sandarten fiir die Wahl eines italienischen Normalsandes. 
— Experiments on the compressive and tensile strengths of Portland cement 
mortars and sands of various kinds to enable choice to be made of an 
Italian normal sand. »Baumaterialienkunde*, 1. u. 15, Sept, 1907. 


Feret, R. A propos de la relation entre la résistance a la compres 
sion des mortiers hydr. et leurs volumes éléementaires, — Be- 
ziehung zwischen Druckfestigkeit, hydr. Bindemittel und dem Volumen 
ihrer Bestandteile. — On the relation existing between the resistance to 
compression of hydraulic mortars and the volumes of their constituents. 

,Baumaterialienkunde*, 1. Nov. 1907. 


Taylor, W. P. Simple tests of Portland cement. — Einfache Proben von 


Portlantzement fir den Kaufer. —  Essais simplifiés du ciment Portland 
pour le consommateur, ,»cement*, Aug. 1907. 
Kaufmann, G. Versuche tuber die Festigkeit von Schlackenzement. 
— Résultats d’essais effectués sur le béton de scories. — Tests of the 
strength of slag cement. : ,Beton und Eisen“, Sept, 1207, 
Taylor, W. P. Notes on compression tests of cement, — Zu den 
Druckversuchen mit Zement. — Note sur les essais de compression du _ 
ciment. ,»cement Age“, Sept, 1906. 
Well, E. P. On the value of gauged neat Portland cement. — Vergleichs- 
Festigkeitsproben mit reinem Portlandzement. — De la résistance com- 


parative des ciments Portland purs. 
,concrete & Constr. Eng.“, Sept. 1907. 


Cement, Tests, Temperatures acquired by Portland cement while 
setting. Tests after setting at different temperatures and long- 
time tests. —- Versuche mit Zement. Abbindungstemperaturen des Port- 
landzements, Versuche nach dem Abbinden bei verschiedenen Temperaturen — 
und nach langer Lagerung. — Essais du ciment. Températures du ciment 
de Portland pendant la prise. Essais aprés durcissement a différentes 
températures et essais de durée, »Rep. Watertown Arsenal“, 1907. 


Essais sur les puzzolanes, executés aux Labor.-de l’Ac. R. et a I'Inst. exper: 
des Chemins de fer de l’Etat 4 Rome. — Versuche tber Puzzolane 
ausgefihrt im Laboratorium der kénigl. Akademie und der Versuch- 
station der italienischen Staatsbahnen. — Tests on puozzolanas, made 
in the Laboratories of the R. Ac. and of the Italian State Rys. . 

Assoc. ital. per gli studi sui mat. da costr.“, 1907. 


Hanisch, A, Versuchsergebnisse mit Beton. — Essais de béton. — Tests 
on concrete. ,Mitt. Techn. Gew.-Mus.“, S, 225—228, 1906. 
Ornum, S. L. van. The fatigue of concrete, — Versuche tiber Grenz- 
belastungen bei Beton. — Essais de la résistance du béton jusqu’a sa 
limite d’élasticite. »Proc. Am. Soc. Civ, Eng.“, Dec. 1906. 
Tension and compression tests of concrete made at the Columbia 
Univ. —. Dehnungs- und Kompressionsversuche mit Beton auf der 
Columbia Universitat. — Essais de traction et de compression sur le béton, 

»Eng. Rec,“, Dec. 8, 1906. 

Tests of shear in concrete. — Scherproben mit Beton. — Les essais du 
béton au cisaillement, »Eng. Rec,“, Dec, 15, 1906. 
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Ciments et béton, — Zement und Beton. — Cement and concrete. 


Humphrey, R, L, Investigations on concrete and kindred materials by 
the U, S. Geological Survey. — Versuche. mit Beton und 4hnlichen 
Materialien durch die U. S. Geological Survey. — Les essais des bétons 
et matériaux analogues par le service géologique des E, U. 

»Concrete Const. Eng.“, Nov. 1907, 


Leduc E, et-Pellet M. Essais sur le platre, — Gipspriifung, — Investigations 
on plaster of Paris, »Bull. Lab. d’Ess.“, Bull, Nov. 11—19, 1907. 


Leduc, E. Essais sur le platre. Résultats. — Gipsprufung, — Tests on 
plaster. Results. yRev. Matériaux Const.“, Mai 1907, 


Untersuchung von Kalkmortelproben, — Enquéte sur les essais de mortier 
de ciment. — Cement mortar testing commission. 
ylonind.-Ztg.“, Sept. 22, 1906. 


Reiser, O. Beitrag zur Beurteilung von MoOrtelproben. — Contribution 
a l’étude des essais de mortier. — Contribution to the study of the testing 
of mortar, » lonind.-Ztg.*, Sept, 6, 1906. 


Winkler, R. Uber die Haftfahigkeit des Moértels an Ziegeln und Kalk- 
sandsteinen, — De l’adhérence des mortiers aux briques ordinaires et 
silico-calcaires. —- On the adherence of mortar to bricks and lime-stone 
bricks. »  onind,-Ztg.“, Okt. 11., 1906. 


The strength of lime mortar. (Dibdin’s tests.) -— Festigkeitsversuche von 
Kalksandmortel bei verschiedenen Sandzusadtzen. — Essais de résistance 
de mortiers de chaux. yEng. Rec.*, Jan. 9, 1907. 


Feret, R. The adhesion of mortar and concrete, — Adhdsion von Mortel 
und Beton. — L’adhérence du mortier et du béton. 
yCement*, New York, Nov. 1906. 


Uber Priifung der Ton- und Zementrohre. — Essais des tuyaux en gres 
et en ciment. — On the Testing of Stoneware and Cement Pipes. 
Statspréveanstalten, Meddelelse, XIII, ,Ingenidren*, 1907, S, 211. 


Aiken, W. A. The control ofphysical test results in Portland cement. 
— Die Kontrolle der Ergebnisse physischer Priifungsverfahren des Portland- 
zements, — Controle des résultats des essais physiques sur le ciment 
Portland, . srroc.. Am. Soc. “Tést, Mat *,° 1907. 


Mc Cready, E. B. Avoidable causes of variation in cement testing. 
— Vermeidbare Fehlerquellen bei der Zementpriifung. — Causes évitables 
de variation dans les essais ciment.  ,Proc. Am. Soc, Test. Mat.“, 1907. 


Gary, M. Apparate zur Bestimmung der Abbindezeit von Zement, — 
Appareils pour déterminer la durée de prise du ciment, — Apparatus for 
the determination of the time taken by cement in Setting. 

»Mitt. kgl. Materialprfgsamt.“ Heft 5, 1906. 


Mc Cready, E. B. A novel moist closet. — Ein neuer Abschluf gegen 
Feuchtigkeit. — Nouvelle fermeture étanche a l’humidite. 
»yAm. Soc. Test. Mat,“ 1907. 


Appareil pour essayer le ciment a la traction, — Vorrichtung zur Erprobung 
des Zements auf Zug. — An apparatus for testing the tensile strength 
of cement, ,ing. Ferroviaria“*, 16 Giull. 1907. 


Leger, H. & Cramer, E. Apparat zur Prifung des KalkmOrtels auf Kalk- 
hydrat und Wassergehalt. — Appareil pour le dosage d’un mortier 
de chaux en chaux hydratée et eau. — Apparatus for determining the hydrated 
lime and water present in a lime mortar, »lonind,-Ztg.“, 4. Mai 1907, 
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Ciments et béton. — Zement und Beton. — Cement and concrete, 
Appareil a essayer les bétons a la traction. — Maschine zur Prifung der 
Festigkeit von Beton. — Apparatus for testing the resistance of concrete 
to. tension, ,»Geéenie civil*, Mars 23, 1907. 
Betonstampfmaschine fiir Betonversuche, — Machine pour comprimer les 
éprouvettes en béton en vue des essais. — Machine for compressing con- 


crete test-bars, yTonind.-Zeit.* 17, Aug. 1907. 


Pierres naturelles et artificielles; leurs propriétés et leur essai. 
Kunst- und Natursteine, ihre Eigenschaften und Prufung. 
Artificial and natural stones, Their Properties and Testing. 


Hoyt, F. W. The strength of stone as affected by different methods 
of quarrying. — Einflu8 der Gewinnungsart des Bruchsteins auf seine 
Festigkeit. — Le mode d’abatage et son influence sur la résistance des 
pierres. ,»Engng, News*, Nov. 1, 1906. 


Humphrey, R. L. pastiestions of structural me by the toe 
Geological Survey. — Prifung von Baumaterialien am Laboratorium des 
U_ S. Geological Survey. — Essais des matériaux de constr., effectués au 
Labor. du service géologique des E. U. »cement*, Sept. 1907. 
Watertown Arsenal. Tests. Brick and brick piers, Stone, miscellaneous. 
— Versuche mit Ziegel und Ziegelmauerwerk, — Essais sur la résistance 
des briques et des quais en briques. Rep. Watertown Arsenal, 1907. 
Howard, J. E. Strength of brick and brick piers, — Versuche uber Festig- 
keit von Ziegel- und Ziegelmauerwerk. — Essais sur la résistance des 


briques et des quais en briques, 
yAm, Soc. Test,- Mat,“, 1907, ,Eng. Rec.=, Febga, 4000 


Deters. N. Druckfestigkeit von Mauerwerk. os Résistance a la pression 
des murs. — Resistance of walls to pressure. ,Tonind.-Ztg,“, 7. Mai 1907. 
Rassow, V. Uber Untersuchung von Mauersteinen. (Druckfestigkeit und 
Warmeleitung,) — Résistance et conductibilité calorifiques. Essais sur 

des pierres de construction, — Tests on stones for building, 
»Zentralbl. Bauv.*, 24. Apr. 1907. 
aybenioke, Fr. Uber Druckfestigkeit von Schamottesteinen, -— Sur la 
résistance a l’écrasement des briques réfractaires. —. The resistance to 
crushing of refractory bricks. ,otahl und Eisen“, 18. Nov. 1907. 


Seger, H. und Cramer, E. Uber Druckfestigkeit von Schamotten, — 
Note sur la résistance a la pression des produits d’argile 
réfractaire, — The resistance of refractory products to pressure. 

-Stahl u. Eisen“, 10. April 1907. Rev. Mat. Constr.“, Sept. 1907. 

Burchharts, D. Testing of building materials by the Sand-Blast= 
Apparatus, — Prufung von Baumaterial mittels des Sandgeblases. — 
_L’essai des matériaux de construction au moyen du jet de Sable a vapeur. 

»Engng. Ln.“, Nov. 30, 1906. ,Ing. Ferroviaria*, 16. Nov 1907. 

ince. J. A. van der, Fehler und Prtfung des Natursteines. — Défauts 
et essai des pierres naturelles. — Flaws in and methods of testing of 
natural stones, . »Baumatk.“, 1. Juli 1907. 

Kloes, J. A. van der. Proben auf Druckfestigkeit von Natur- und 
Kunststeinen, — _ Essais a l’écrasement de pierres naturelles et artifi- 
cielles, — Crushing Tests on natural and artificial stones. 

yBaumatk.“, 1., 15. Okt. 1907. 

Hanisch, A. Bighe buns einer freitragenden Stiegenstufe aus Beton 

und Eisen. — Epreuve d’un-escalier en béton armé. — Testing of an 


SE ate step made of concrete and iron. 
»Mitt. Techn, Gew.-Mus.“, 1907, S. 7-9. 
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Pierres. — Steine. — Stones. 


Hanisch, A. Druckfestigkeit und Abniitzung natiirlicher Bausteine. 
— Résistance et usure naturelle des pierres de construction, — The 
resistance of crushing and the wear of natural building-stones. 

»Mitt. Techn. Gew.-Mus,*, 1907, S. 83—91. 


Hanisch, A. Erprobungen natiirlicher Bausteine auf Gewicht, Festig- 
keit und Wasseraufnahme, — Epreuves des pierres naturelles de 
construction, poids, résistance, hygrométrie, — Tests on natural building- 
stones in regard to weight, strength, and water-absorption. 

»Mitt, Techn, Gew.-Mus.“, 1907, S. 189—156. 


Hanisch, A, Resultate der Erprobung von Mauerklinkern, — Résultats 
d’essai de briques pour magonnerie, -- Results of tests of Dutch bricks. 
» Mitt. Techn, Gew.-Mus.“, 1907, S. 177—183. 


Suenson, E. Zementmauersteine, — Briques de ciments. — Cement bricks. 
»ingenidren* 1907, S. 23. 

Statsproveanstalten, Meddelelse XIV. Untersuchung iiber Zementmauersteine, 
— Essai de briques de ciments. — Investigation of the properties of cement 
bricks. »ingenidren* 1907, S. 341. 


Emperger, F.v. Die Tragfihigkeit von Mauerwerkspfeilern. — Résistance 
a la charge des piliers en magonnerie. — The carrying capacity of masonry 
buttresses, weed, O, lott Ainv, LOU). Nr, 52. 


Hanisch, A. Wert des Basaltes fiir die Beschotterung von Strafen, — 
Valeur du basalte pour l’empierrement des chaussées, — Value of basalt 
for road material. »Mitt. Techn. Gew.-Mus.* 1907, S, 83—84. 


‘Hanisch, A, Schubfestigkeit von Bausteinen. — Résistance des pierres au 


cisaillement. — Shearing strength of building-stones. 
»Mitt. Techn. Gew.-Mus, 1906, S. 157—159. 


Lord, E. C. E. Examination and classification of rocks for road 
building, — Prifung und Klassifikation von StraBenbaumaterial, — Examen 
et classification des roches pour l’empierrement des routes. 

: »U. S. Public. Roads Bull.“ Nr, 81 (1907). 

Leduc, E, La pierre silico-calcaire. — Uber Erzeugung und Festigkeit von 
Kalk-Sandstein, — Notes on the manufacture and strength of lime-stone 
bricks. »Rév. Mat, Constr.“, Sept, 1907. 


Leduc, E. Sur la constitution intime des Calcaires. — Wber den inneren 
Aufbau der Kalksteine. — On the interior architecture of limestone. 
Lab. d’Ess, Cons. A. M,, Bull, 10,1907. Réun, M., frang. et belges, Oct, 27, 1907. 


alette, J. Note on the resistance of building-stones to frost. 
’ § 


Prifungsverfahren der Bausteine beziiglich Frostbestandigkeit. — Sur la 
gélévité des pierres, »Builder, London‘, Sept. 15, 1906. 
Walsh, F, Frost resistance of brick, — Frostbestandigkeit von Ziegeln. — 
Gélévité des briques. »Clay Rec.“ Nov, 15, 1907. 
Schneider, C, Priifung von Kaminsteinen auf Feuersicherheit im bau- 
polizeilichen Sinne. — Essai de résistance au feu des briques pour 
cheminée, — Testing of chimney bricks as to fire-proof qualities from the 


point of view of the building-department, 
¢ yMitt. kgl. Matpfrgsamt.“ Heft 6, 1906, 


Jones, J, C. Efflorescence on brick walls. — Weife kristallinische Aus- 
blihungen auf Ziegelmauerwerk. — Substance cristalline blanche dont se 
couvrent certains murs en briques, _ » Quarry“, Dec. 1906. 


Michaelis sen, Dr. W. Zur Konstitution des Portlandzementklinkers, — 
Sur la constitution des briques de ciment Portland, — The constitution of 
Portland cement clinker, yBaumatk.* 1./15. Febr. 1907 
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Bois. — Holz. — Wood. 


Bois. — Holz. — Timber. 


Effect of duration of stress on strength and stiffness of wood. — 
Einflu8 der Dauer der Beanspruchung auf die Festigkeit und Steifigkeit 
des Holzes. — Influence de la durée des efforts sur la résistance et la 
rigidité des bois, »Franklin Inst.“, March 1907. 


Julius, G. A. The hard woods of Western Australia. — Versuche an 
harten Hédlzern Westaustraliens. — Essais sur les bois durs de l’Australie 
occidentale, »Engng.“, Jan. 11, 1907, ,Eng. Ln.“, March 22, 1907. 


Janka, V. Uber die an derk. k. forstlichen Versuchsanstalt Mariabrunn 
gewonnenen Resultate der Holzfestigkeitsprifungen. — Résul- 
tats d’essais officiels sur la résistance du bois. — The results of tests on 
the strength of timber made at the Imp. Forestry Institution at Mariabrunn. 

sy Z. .OSt. Ing. uw. A. VA i Oe ie 

Hatt, W. Experiments on the strength of treated timber. — Festigkeits- 
versuche mit impragniertem Holz. — Expériences sur la résistance du bois 
ayant recu un traitement préservatif. 

,rorest Service U. S. Dept, Agr Cir. sass 

Watertown Ars. Wooden posts tests. — Proben mit Holzpfosten. — Essais 
de poteaux en bois, »Rep.Watertown Arsenal‘, 1907. 

Tiemann, H. D. Effect of moisture upon the strength and stiffness 
of wood. — Einflu8 der Feuchtigkeit auf Festigkeit und Steifigkeit des 


Holzes. — Influence de l’humidité sur la résistance et la rigidité des 
bois, »Forest Service U. S. Dep. Agr.“, Bull. 70, 1906. 
Tiemann, H. D. The strength of wood as influenced by moisture, — 
Einflu8 der Feuchtigkeit auf die Festigkeit des Holzes. — Influence de 


l’humidité sur la résistance des bois. 
»Forest Serv. U. S, Dep. Agr.“, Circ. 108, Aug. 1907. 
Tiemann, H. D. The effect of moisture and other extrinsical factors 
upon the strength of wood. — Einflu8 der Feuchtigkeit und anderer 
duferen Faktoren auf die Festigkeit des Holzes, -— Influence de l’humidite 
et d’autres facteurs sur la résistance des bois, 
yAm Soc. Test, Mat.“, 1907. 
Halt, W. K. Second progress report on the strength of structural 
timber. — Zweiter Bericht tiber die Festigkeitsversuche mit Bauholz. — 
Second rapport sur les essais de résistance des bois de constr, 
yForest Serv. U. S. Dep. Agr.*, Circ, 118, Oct. 1907. 
Cummings, R. A. The testing of wooden and reinforced concrete 
telegraph poles, — Proben mit Telegraphensdulen aus Holz und Eisen- 
beton, — Essais des poteaux en bois et en béton armé. 
»Am, Soc. Test. Mat.*, 1907. 


Nowotny. Lebensdauer und Gebrauchswert hédizerner Leitungs- 
maste in Osterreich, — Durée et valeur pratique des poteaux en bois 
de lignes électriques en Autriche, — Life and practical value of wooden 
conducting poles in Austria. 

»Llektrotechnik und Maschinenbau“, Wien, 1907, Nr. 48. 

Nowotny, R. Zur Frage der Holzkonservierung im Telegraphen- 
linienbaue, — La préservation du bois des lignes télégraphiques, — 
On the timber-preservation question in the construction of telegraph lines, 
é »Baumaterialienkunde’, 1., 15. Marz 1907. 

Janka, G. und Liburnau, L. von. Die Einwirkung von Suf- und Salz- 
wassern auf die gewerblichen Eigenschaften der Hauptholz- 
arten. — Influence des eaux douces et salines sur les propriétés pratiques 
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des principales essences de bois. — The action of fresh and salt waters 
on the industrial properties of the Pancpal kinds of timber. 
»Mitt. a. d. forstl. Versuchsw. Osterr.“, XXXII. Heft, Wien, W. Frick. 


Vedel, P. Feinde des Holzes im Meerwasser, so wie Schutz gegen sie, 
— Les ennemis du bois dans la mer et sa protection contre eux. — 
Enemies of timber in sea-water and means of protecting it against them, 

,Den tekn. Forenings Tidsskrift*, 1907. S. 97. 


Janka, G. Uber neuere holztechnologische Untersuchungen. — 
Nouvelles recherches sur la technologie du bois. — On the more recent 
limber-technological investigations. 

,Osterr. Vierteljschr, f, Forstw.“, 1906, S. 248. 

Janka, G. Die Harte des Holzes. — La dureté du bois, — The hardness 
of wood. 

y Mitt. d. k. k, forstl. Versuchsanst, in Mariabrunn*, 1906, S. 193 u. 241. 


Alleman, G. Quantity and character of creosote in well-preserved 
timbers. — Menge und Beschaffenheit des Kreosots in gut impragnierten 
Hélzern, — Quantité et nature de la créosote des bois bien imprégnés. 

yForest Serv. U. S. Dep. Agr.* Circ. 98, May 1907, 


Malenkovic, B. Neue Theorie der Holzconservierung (experimentell 
entwickelt), — Nouvelle théorie de la préservation du bois, développée 
experimentalement. — New theory of timber preservation (experimentally 
worked out). ,Baumaterialienkunde*, 1. Nov., 15, Dez. 1906. 


Crawford, C. G. The line o1 advance in wood preservation. — Fort- 
schritte auf dem Gebiete der Holz-Konservierung. — Les progres réalisés 
dans les procédés de préservation des bois. Directions suivies. 

nung, News.*, Feb. -7, 1907. 


Lemaire, E. La Conservation des bois par les nouvelles méthodes 
d’imprégnation. — Dié neuen Methoden der Holztrankung. — The _pre- 
servation of timber by the new methods of impregnation.. 

,~ Génie civil“, Avr. 13, 1907. 


Roach, D. E. A new method of preserving timber. — Eine neue Methode 
tr -Holzkonservierung. — Nouvelle méthode de préservation des bois. 

| ,Railw. Age“, Sept. 20, 1907. 
Nelson jr.. J. Treatment methods for preservation of mine timbers. 
— Konservierungsmethoden fiir Grubenholz. — Méthodes de traitement 

pour la préservation des bois de mines, »Ming. Rep.“ 21. Nov. 1907, 


Papier. — Papier. — Paper. 


Selleger, E. L, Leimfestigkeit der Papiere, — Les propriétés absorbantes 
ou imperméables des papiers. Procédés d’appréciation. — The absorbing or 
water-proof properties of paper. »Papierfabrikant*, 12. Okt, 1906. 


Herzberg, W. Leimfestigkeit einseitig glatter Papiere. — De l’encollage 
des papiers satinés d’un cété. — The sizing of paper glazed on one side, 
,Papier Fabkt.“, 14. Dez. 1906. 

Dalén, G. Flecke im Papier, — Les taches du papier. — Spots in paper.’ 
»Mitt. kgl, Matprfgsamt“, Heft 5, 1906. 


Herzberg, W. Dauerversuche mit Papieren von verschiedener Stoff- 
zZusammensetzung, — Essais de durée sur papiers de différentes 
compositions. — Long-time experiments with papers of various consistency, 

,Mitt. kgl. Matprfgsamt*, 2. Heft, 1908. 
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Papier. — Papier. — Paper. 


Bartsch, Dr. C. Einwirkung schwacher Alkalilésungen auf chlor- 


magnesiumhaltige Pergamentpapiere, — Influence de ‘solutions 
alcalines faibles sur les papiers parcheminés contenant du chlorure de 
magnesium. — The action of weak alkaline solutions on .parchment 


papers ue chloride of magnesium, 
yMitt: kel, Matprfgsamt*, Le Heft, 1907. 


Bartsch, Dr. C. Chlormagnesiumhaltige Pergamentpapiere. — Papiers 
parcheminés au chlorure de magnesium. — Parchment papers. containing 
chloride of magnesium. »Mitt. kgl. Matprfgsamt’, 3. Heft, 1907. 


Bartsch, Dr. C. EinfiufS héherer Warmegrade auf die Festigkeitseigen- 
schaften von -Pergament, Pergamentersatz- und Pergament- 
papieren. — Influence des hautes ttempératures sur la résistance des 
papiers parcheminés. — Influence of high temperatures on the strength 
of parchment. Substitutes for parchment, and parchment papers. . 

»Mitt. kgl. Matprfgsamt‘, 5. Heft, 1907. 


Bartsch, Dr. C. Neutralisierte Pergamentpapiere, — _ Papiers | parcheminés 
neutralisés, — Neutralized. parchment papers. 
»Mitt. kgl. Matprfgsamt“, 6. Heft, 1907. 


Veitsch, F, P, Examination of papers. — Papierprifung. — Essai du 


papier. »Bureau of Chemistry*, Circ. Nr, 34, April 12, ‘1907. 


Watertown Arsenal. Blue- -print and brown-print papertests, — Versuche 
mit Blau- und Braundruckgapier, — Essai de papiers au prussiate.. 
. »Rep. Watertown. Arsenal", ae 


Kautschuk, Asphalt. — Caoutchouc, Asphalte. — 
Caoutchouc, Asphalte. 


Caspari, W. A. Notes on gutta-percha and balata, — Uber Guttapercha 
und Balata,. — Sur la gutta-percha et le balata. 
»Nat, Phys. Laboratory“, vol. II, 1907. (,Journ. Soc, Chem, Ind, “Dee, 30, 1905.} 


Allain, P. La régéneration du caoutchouc. Le caoutchouc brutet le 
caoutchouc usuel, Phénoménes qui accompagnent la vulcani- 
sation, — Die Wiederherstellung von Kautschuk. Die Erscheinungen des 
- Vulkanisierens. — Raw rubber and the ordinary product. Phenomena accom- 
panying the vulcanising process. »Loco. Auto“, Fév, 9, 1907. 


Taris, E. Sur les propriétés de la gomme élastique. Vatietio ne du 
coefficient d’élasticité avec la température. — Uber die Eigen- 
schaften des elastischen Gummis. Anderung des Elastizitatskoeffizienten mit 
der Temperatur. -- Variation of the coefficient of elasticity of rubber ac- 
cording to the temperature. »lechn, Auto‘, Janv., Fév. 1907. 


Watertown Ars, Rubber belting tests. — Priifung von Kautschukriemen, — 
Essais de courroies en caoutchouc, » Watertown Arsenal“, 1907. 


Darling, Ch. R. A Laboratory test for heat- isolating materials. — 
Versuche an Warmeisoliermaterial. — Un essai de laboratoire pour calori- 
fuges, »Engng.*, Dec, 6,¥1907. 

Richardson, Cl. and Forest, €.N,. The development of the penetrometer 
as used in the determination of the consistency of semi-solid 
bitumens, — Apparat zur Bestimmung der Konsistenz halbfester Bitumen. 
— Appareil pour la détermination de la consistance des bitumes semi- 
fluides, »Am, Soc. Test, Mat.“ 1907, 


Kayser, H. Modernes Asphaltpflaster in Amerika — Le pavage moderne 
d’asphalte en Amérique, — Modern asphalte pavement in America, 
»Baumaterialienkunde* 1/15. Janner, 1./15. Febr. 1907. 
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Huiles..— Ole. — Oils. 


Les huiles pour usages techniques. — Ole fiir technische Zwecke. 
— Oils for Technical Purposes. 


Testing machine for Oils. Bearings, and Journals; Cooper’s Hill College. — 
Priifungsmaschine fiir Ole und Lager. — Machine d’essai pour les huiles, 
paliers et tourillons. , yEngneg.“, 2. Nov. 1906, 


Rudeloff.. Die Reibungsmaschine von Hopps. — Machine Hopps a essayer 
les huiles de graissage et les frottements dans les coussinets, etc. — The 


Hopps machine for testing lubricating oils and friction in bearings, 
»Dingters P; J.“, 16. Marz’ 1907. 


Schmierélpriifung. Wend’sche Olpriifmaschine mit Versuchen, — Essai des 
huiles de graissage machine Wend. — The testing of lubricants, The Wend 
testing machine with experiments. 

»Z. Dampfk., Maschb.“, 29. Nov., 6. Dez. 1907. 


Parish, jr. W. F. Notes on lubrication, -— Uber Schmierdle. — - Sur les 
huiles de graissage. yElectr.. Eng. Ln.“, Sept. .7, 1906. 


Hutchins, Geo. P, Suitability of lubricants. — Uber die Eignung von 
- Schmiermitteln, — De l’appropriation des lubrifiants. Power“, Nov. 1906. 


Kirsch, B.. Uber die technisch-physikalische Priifung von Schmier- 
materialien. — Essai physico-technique des lubrifiants, — On the tech- 


nico-physical testing of lubricating materials. 
»Mitt. Techn, Gew.-Mus.“, 1906, S. 5—5d1. 


Breuil, P. Notes sur quelques-essais mécaniques et viscosimétriques 
d’huiles minérales ou végétales. -—- Mechanische und viscosometrische 
Versuche mit Mineral- und vegetabilischen Olen. — Mechanical and viscosi- 
puctiicgl tests. of mineral and vegetable oils. 

»Lab. d’Essais Cons. A. M.*, Bull, 8. 1906. 


Jervis, Friction of lard and machine oils. — Versuche iiber Reibung 
bei Anwendung festen und fliissigen Schmiermaterials, — [Frottement de 


*huile de lard et des huiles pour machines. 
yAm. Mach.“, May 25, 1907. 


Baron, Ch. Les. huiles a Bie Sei — Schmierdle und ihre Prifung, — Lubri- 
cating oils. »Mem, Soc, Ing, Civ.“, Mai 1907. 


Acheson. Deflocculated graphite. — Versuche tiber mit Gerbsdure behandelten 
Graphit. — Le graphite en flocons un nouveau lubrifiant. 
yFranklin Inst.*, Nov. 30, 1907. ,Loco Auto‘, Juillet 13, 1907. 


Marcusson, D. J. Die Ursache der optischen Aktivitat des Erdéls. Ein 
Beitrag zur Frage der Entstehung des Erdoéls und der Asphalte, 
— Causes de l’activité optique du pétrole. Centributions ~a l’étude de la 


genese du pétrole et de l’asphalte. — The cause of the optical activity 

_of petroleum. A contribution to the question of the origin of petroleum 

and the asphaltes. Mitt. kgl. Matprfgsamt, 1907, 3 Heft. 
Holde, Dr, D. und. Eickmann, Dr. R. Uber verharzte Produkte in Mineral- 

6len. — Produits de suroxydation des huiles minérales. — On resinous 
products in mineral oils. _ Mitt, kel, Matprfsamt.. 1907, 3, Heft. 

Ubbelohde. Bestimmung der Siedegrenze von Petroleum, — Détermination 

des points d’ébullition du pétrole. — Determination of the boiling-point of 


_ petroleum, Mitt. kel. Matprfsamt, 5. Heft, 1907. 
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La rouille et les anti-oxydant. — Rosten und Rostschutzmittel. — Corrosion and its Preventitives. 


La rouille et les anti-oxydant. — Rosten und Rostschutzmittel. 
— Corrosion and its Preventitives. 


Hinrichsen, Dr. F, W. Zur Kenntnis des Einflusses von Koksasche auf 
den Rostangriff von Eisen, — Contribution a l'étude de l’influence de 
la cendre de coke sur la corrosion du fer. — On the knowledge of the 
influence of coke ash on the attacks of corrosion on iron. 

,Mitt. kgl. Matprfgsamt.“, 1907, 6. Heft. 

Cushman, A. S. The corrosion of iron. — Das Rosten von Eisen, — La 
rouille du fer. yAm, Soc. Test. Mat.*, 1907. 


Waker N. H., and Dill, C. The influence of stress upon the corrosion 
of iron, — Der Einfluf der Inanspruchnahme auf das Rosten, — Influence 
des efforts sur la corrosion du fer, ; 


Rothe, J., und Hinrichsen, Dr. F. W.- Uber die Angreifbarkeit von Me- 
tallen durch feuchte Luft bei Gegenwart von Kohlensdure und 


schwefliger Saure. — Oxydabilité des métaux a l’air humide en présence 
d’acide carbonique et d’acide sulfurique. — On the degree in which metals 
are exposed to the attacks of moist air in presence of carbonic acid and 
sulphurous acid. »Mitt. kgl. Matprfgsamt.“, Heft 6, 1906, 

Fraser, G. The corrosion of acid and basic steel. —  Versuche tiber An- 
fressungen von saurem und basischem Stahl. — Corrosion de l’acier acide 
et basique, ylron. Age.*, Apr. 18, 1907. 

Wehner, H. Rost in Wasserleitungen, Schutz- und Vorbeugungs- 
mittel. — La rouille dans les conduites d’eau. Moyens de prévention et 
de préservation, — Rust in water-pipes, preventatives, and methods of 
preservation, »Gesundheits-Ing,“, 20. April 1907. — 

Speller, The corrosion of iron and steel. — Versuche iiber die Korrosion 

- von Eisen und Stahl. -- Corrosion du fer et de l’acier. 


ylron Age.“, July 14, 1907 

Cook, J. B. The deterioration of structural steel by corrosion and 
electrolysis, —-Uber Zerstérung von Stahl durch Korrosion und Elektro- 

lyse. — Destruction de l’acier des charpentes par corrosion et électrolyse. 
-Arch, Builder's Mag.“, Oct. 1906. 


Committees Report. The Corrosion of reinforced metal in cinder con- 
crete floors. (Report of a Committee in San Francisco.) — Die Corrosion 
der Armierung in mit Asche angemachtem Beton, (Kommissionsbericht.) —. 
La corrosion du métal dans le béton armé de laitiers, 

yEng, News,“, Nov. 1, 1906. 


Kendson, A. A. Electrolytic corrosion of iron and steel in concrete 
— Versuche uber elektrolyt. Zerstérung von Eisen und Stahl im Beton, — 
Corrosion électrolytique du fer et de l’acier dans le béton, 

»Proc. Am Inst. Electr. Engrs.“, Feb. 1907. 

Fox, W. H. The corrosion of steel in reinforced cinder concrete, — 

Versuche uber Korrosion des Stahles in Aschebeton. — Corrosion du 
fer et de l’acier dans le béton de laitier armé. 
»Eng. News.*, May 23, 1907. 

Cushman, The electrolytical theory of the corrosion of iron, Elektro- 
lytische Theorie der Korrosion des Eisen. — Théorie électrolytique de la 
corrosion du fer. yiron Age“, 8, Aug. 1907. 


Langmuir, J. The relation between polarisation and the corrosion of 
iron pipes by stray currents, — Erfahrungen iiber Korrosion von 
Eisenrohren durch vagabundierende Stréme, — Relation entre la polarisation 
et la corrosion des tuyaux en fer par les courants vagabonds, 

: ,otevens Ind,* Oct. 190% 
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La rouille et les anti-oxydant. — Rosten und Rostschutzmittel. — Corrosion and its Preventitives. 


Perry, R.S. The physical properties of paint films, — Die physikalischen 
Eigenschaften der Deckschichte des Anstrichs, — Propriétés physiques des 
peintures. »yAm, Soc. Test, Met.*, 1907. 


Smith. J. C, Physical testing of oil-varnishes, — Physikalische Prufung 
der Olanstriche. — Essai physique des vernis a V’huile. 
»Am, Soc, Test. Mat.“, 1907. 


Hughes, L. S. Deleterious ingredients in paints — Schddliche Bestand- 
teile in Anstrichmasse. — Eléments déléteres des peintures, 
»Am. Soc. Test. Mat.*, 1907. 


Cheesman, F, P. Priming coats for Metal Surfaces. Linseed oil as 
paint, — Grundierung fiir Metallanstriche. — Peinture de premiere couche 
pour métaux, ,»Am,. Soc. Test. Mat.*, 1907; 


Spang, P. H. Uber die Deckkraft der Anstrichfarben. — Pouvoir couvrant des 
peintures. — On the covering capabilities of paints. 
»Eng. News“, Aug. 8,1907. ,Tekn: Forenings Tidsskrift*, 1907, S, 151. 


Carulla, F. J. R. Anew blue-blackiron paint as protective covering. — 
Ein neues, aus einem Eisenoxyd bestehendes Rostschutzmittel, — Nouvelle 
peinture protectrice bleue-noire. 

»lron and Steel Inst.“, Bd. 38, 1907. ,Mech. Engr. Lond.*, Sept. 28; 1907. 


Stern, L. M, Rust prevention. — Uber Rostschutz. — Protection contre la 
rouille, ylron Age“, 81, Nov. 1907. 


Rhodin. Corrosion of copper and copper alloys, — Erklarung der 
4 Korrosion von Kupfer und Kupferlegierungen mit Versuchen, — La corrosion 
du cuivre et des alliages du cuivre. ,Engr. Ldn.“, 19, Juli, 2. Aug. 1907. 


Ladd, E. F. Paint Legislation, — Gesetzliche Normierung uber Anstrichmittel. 
— Prescriptions légales sur les peintures. »Am. Soc. Test... Mat.*,. 1907. 


Divers. — Diverses. — Miscellaneous. 


Breckenridge, L. P. The Engineering Experiment Station of the Uni- 
versity of Illinois, — Das Versuchslaboratorium der Universitat in 
Illinois. — Le laboratoire d’essais mécaniques de l’Université d’Illinois. 

Univ. Ill., Bull. Nr. 33, 1906. 


Simonson, A. A Steel-Foundry Laboratory. — Laboratorium fiir Stahlguf- 
untersuchung — Laboratoire de fonderie d’acier. ,Foundry*, Sept. 196. 
Koénigliches Materialpriifungsamt in GroS-Lichterfelde, Berlin W. — 
Le. laboratoire royal d’essai des matériaux a Berlin. — The Royal Labo- 


ratory for the testing of material at Berlin. 
, GieBerei-Ztg.*, 15. Nov, 1906. 


The New Testing Laboratory at Charlottenburg. — Das neue Material- 
priifungs-Laboratorium in Charlottenburg. — Le nouveau laboratoire d’essai 
de Charlottenburg. ,eng. Ln.“, March 29, 1907. 


Kayfer. Wie mu das Hauptlaboratorium eines neuzeitlichen Eisen- 
hittenwerkes beschaffen sein? — The creation of a Laboratory for 
a modern ironwork, — Ce que doit étre le laboratoire central d’un ¢éta- 
blissement siderurgique moderne. ,otahl u. Eisen*, 11., 18. Sept, 1907. 
The National Physical Laboratory as a Commercial Testing Esta- 
blishment. — Das National Physical Laboratory als gewerbliche Pru- 


fungsanstalt, — Rdle commercial du National Physical Laboratory. 
,Engr. London“, Febr. 15, 1907. 
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~ Divers. — Diverses. — Miscellaneous. 


Government work in the testing of materials. — Uber die Mitwirkung 
der Regierung im Versuchswesen. — Role du Gouvernement dans l’essai 
des matériaux. »Engng. News“, Oct. 17, 1907. 


The new hydraulic and cement-testing Lab oratories at the University 
of Pennsylvania. — Das-neue hydraulische Zementprufungslaboratorium 
an der Universitat Pennsylvania. — Nouveaux laboratoires d’essai des ciments 
hydrauliques de l'Université de Pensylvanie. »yEngng. Rec.*, Oct, 1906, 


Marburg, E. The Lesley Cement Laboratory, Univer ite of Penn- 
sylvania. — Das Lesley-Zement-Laboratorium der Universitat in Penn- 
sylvania, — Le Laboratoire Lesley du ciment, Université de Pensylvanie. 

,»Engng, Rec.“, Nov 5 1906. ,Cement Age“, Nov. 


Wilson, H. M. Structural materials mains» laboratories of the Uni- 


ted States Geological Survey, St. Louis, Missouri, — rie 
torium fiir mechanische Materialprufungen der Technik ders Uy SiG. oe 
St. Louis. —- Laboratoires d’essais mécaniques des matériaux de con- 


struction du service géologique des E. U. a St. Louis. 
,»Engng. News*, Oct. 17, 1907. 


Humphrey, R. L. The equipment and work of the U. S. Government 
Concrete-Testing Laboratory at St Louis, Missouri — Ein- 
richtung und Tatigkeit des staat], Betonlaboratoriums in St, Louis. — 
Outillage et traveaux du Laboratoire d’essai du béton du Gouvernement 


Ges ke. .U,, a-ot. Louis, »Eng. Con.“, Sept. 25. 1907. 
Organisation of the bureau of Chemistry, — Chemische Reichsanstalt der 
Ver. Staaten. — Office pour les recherches chimiques des Etats Unis. 


»Bureau of Chemistry, U. S. Dep. Agr.*, Circular 14, Oct: 10, 1907, 
Hannover, H. I. Jahresbericht der Staatspriifungsanstalt fir 1906. — 


Rapport annuel du Laboratoire national d’essai. — Annual Report of the 
State Testing Etablishment, 1906. ,ingenidren* 1906, S. 162 u. 169. 
Stratton, S. W. The National Bureau of Standards. — Dep. Commerce and 


Labor U. S. A. — Le National Bureau of Standards. 
»Am. Soc. Test. Mat,“, 1907. 


Humphrey, R. L. The Structural Materials Testing Laboratories, 


U: S. Geological Survey.-Progress during thes fig¢eal year 


ending June 1, 1907. — Die Versuchslaboratorien der U. S. Geological 
Survey. Arbeiten im Jahre 1907. — Les laboratoires d’essai des matériaux 
de construction du service efologigue des E. U. Progres en 1906—1907° 

,Am. Soc, Test. Mat.“, 1907. 


Framin. Bericht ttber die Tatigkeit des aboratomaean des Vereines 
Deutscher Zementfabrikanten. Versuche und Resultate, — 
Expériences et résultats obtenus au laboratoire des Ver, Deutsch, Zem, 
Fabr. Rapport spécial. —- Laboratory of the German Cem, Man. Synd_ 
Special report on work done. y lonind.-Ztg.“, 18. Juli 1907, 

Bakenhus, R, E. Labor-saving devices in a Cement Laboratory. — 
Arbeitsparende Einrichtungen in Cement-Laboratorien. -— Appareils auto- 
matiques d’un laboratoire de ciment. »Am. Soc. Test. Mat.*, 1907. 


Greenman, R. S. Some problems of a cement-inspecting Laboratory 
— Einige Aufgaben eines Laboratoriums fur Zementprifung. — Quelques 
problemes pour un laboratoire de contrdle du ciment. 

»Am, Soc. Test, Mat.“, 1907. ;Cement Age*;*Nov. 1905 


Ausstellung fur Hartetechnik. — Exposition de l’art de trempe, — An 

exhibition of the art of tempering. , Hisen-Ztg,“, 8., 15. Sept. 1906. 

Dudley, Charles B. The Enforcement of Specifications. — Die Wichtigkeit 
der Bedingnishefte, — Mise en vigueur des spécifications. 

nim. Soc. Test, Mat*, louis 
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Divers. — Diverses. — Miscellaneous, 


Ehrenwert. Zur einheitlichen Bezeichnung von Eisen. und Stahl, 
Nomenclature uniforme du fer et de l’acier, — On uniformity in the 
nomenclature of iron and steel, 

,Ost. Ztg. f. Berg- und Hiittenw.*, 1907, Nr. 44. 


Bemeeh, B. H. Comments by members of the Inst, on the report ofthe 
Committee on the uniform nomenclature of iron and steel, — 

Zum Bericht des Komitees des Iron and Steel-Instituts tiber Vereinheit- 
lichung der Nomenklatur von Eisen und Stahl. — Commentaires sur le 
rapport du Comité pour l’uniformisation de la nomenclature des fers et aciers: 

»iron and Steel Inst.“, Excerpt. Nr. III, 1907. 


Knight, P. H. and Skinner, C. G. The raw material supply. — Die Be- 
schaffung von Rohmaterialien. — L’approvisionnement en matiéres premiéres, 
»Am, Soc. Test. Mat.*, 1907. 


Feret. L’étude de l'industrie du platre en France et a l’étranger. — 
Die Gipsindustrie in Frankreich und im Auslande. — Study on the plaster 
industry in France and abroad. 

»Réunion des membres frang. et belg.*, 27 avr. 1907. 


Comptes rendus de la Veme Réunion de l’Ass. italienne pour l’étude 
des matériaux de constr. a Rome 1907, et Introduction a ces 
comptes rendus, — Bericht tber den V. Kongre8 des Italienischen 
Verbandes zu Rom 1907 mit Einleitung hiezu, — Proceedings of the Vth 
Congress of the Italian Soc. Test. Mat. in Rome 1907, with introduction, 

»Assoc, ital. per gli studi sui materiali da costruzione,“ 


The Committee’s report: Fire tests with glass. — Feuersicherheitsprobe von 
Drahtglas. — Essais sur la résistance réfractaire du verre armé, 
Brit. Fire Prev, Comm, R. B, Nr. 116, 1906. 


The Committee’s report: Fire tests with two ferro-asbestic doors, — 
Feuersicherheitsprifung von zwei eisernen, asbestgeschiitzten Tiiren, —- 
Essai sur la résistance réfractaire de deux portes en fer recouvertes par 
asbeste, Brit. Fire Prev, Comm... R, B; Nr. 117, 1906. 


Il. 


Livres parus™), — Erschienene Bticher*). — New books*), 


Liibeck, O. Festigkeitslehre. 8. Aufl, — Strehlitz 1907. Polytechn. Verlag 
M. Hettenkofer. — Legon sur la résistance des matériaux. — Strength of 
materials, 


Glinzer, E. Kurzes Lehrbuch der Festigkeitslehre fiir Baugewerksschule und Bau- 
praxis. 3. Aufl. — Leipzig 1907. H. A.L.Degener. — Précis sur la rési- 
stance des matériaux. — Short textbook on the strength of materials. 

Baumann, R. Die Festigkeitseigenschaften der Metalle in Warme und Kalte, — 
Stuttgart 1907. A. Kréner. — Résistance des métaux a chaud et a froid, — 
The strength of metals under heat and cold. 


Pinegin. Versuche ttber den Zusammenhang von Biegungsfestigkeit und Zug- 
festigkeit bei Gufeisen, Forschungsarbeiten, Heft 48, -~- Berlin 1907. 


*) Les livres parus en Amérique seront mentionnés dans un numéro ulterieur. 
— Die in Amerika erschienenen Biicher werden spater nachgetragen, — The 
books published in America will be given in a later issue, 
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‘Livres parus. — Biicher. — New books. 
J, Springer, -- Essai sur le rapport entre la résistence a la flexion et celle 
a la tension du fer fondu. — Tests on, the relation between the breaking 


stress and the tensile stress of cast iron, 


Marks, Edward, C. R. Mechanical engineering materials; their properties and 
treatment in construction, New edition. — Manchester 1907. The Tech- 
nical Publ, Comp. — Eigenschaften und Verwendung der Materialien im 
Maschinenbau. — Matériaux de la construction mécaniques; propriétés et 
traitement, 

Lexton, A. H. Elementary text-book of metallurgy. 4, th. ed. — London 1907. 
Griffin & Co, — Elemente der Metallurgie. — Eléments des meétallurgie. 


Campbell, H. H. The manufacture and properties of iron and steel. 4, th. ed. — 
London 1907, Engineering and Mining Journal. — Erzeugung und Eigen- 
schaften von Eisen und Stahl, — Fabrication et propriétés du fer et de 
l’acier. 

Wedding, H. Grundrif der Eisenhiittenkunde. 5. Aufl. — Berlin 1906, W. Ernst 
& Sohn. — Eléments de sidérurgie, — Sketch of the fundamental principles 
of the metallurgy of iron, © 


Bilecki, A. Die Baumaterialien, Das Eisen und seine Verarbeitung. Lichtbilder- 
vortrag. — Wien 1907. A. Pichlers Wwe. & Sohn. — Les matériaux de 
construction. Le fer et son usinage. — The building materials. Iron and 
its manipulation. Lecture illustrated by pictures on the screen. 


Goerens, P. Einfihrung in die Metallographie. — Halle 1906. W. Knapp. — 
Introduction a la metallographie. — Introduction to Metallography. 


Ledebur, A. Handbuch der Eisenhiittenkunde, 5. Auflage. I, Abteilung: Einfihrung 
in die Eisenhuttenkunde — Leipzig 1906. A. Felix. — Manuel de Sidérurgie. 
I. Introduction a la sidérurgie. — Handbook of the Metallurgy of Iron. 
5th edition. I. Section. Introduction to Metallurgy of Iron. 


Ledebur, A. Die Legierungen in ihrer Anwendung fir gewerbliche Zwecke, 
3. Aufl. — Berlin 1906. M. Krayn. — Usages industriels des alliages. — 
The Alloys in their Application to Industrial purposes, 


Reiser, F. Das Harten des Stahles in Theorie und Praxis. 4, Aufl, Leipzig 1906. 
A, Felix. — Trempe de l’acier; théorie et pratique. — The Tempering of 
Steel in Theory and in Practice. ’ 

Hoffmann, O. Qualititsstahle. Das Wesen und die Behandlung derselben, -- 
Krefeld 1906. J. Greven. — Aciers fins; leur nature, leur traitement. — 
High Quality Steel. 

Hort,H. Die Warmevorgange bei Langen von Metallen, Forschungsarbeiten. Heft 41. 
— Berlin 1907. J. Springer. — Les phénoménes calorifiques pendant 
lallongement des métaux. — The quantity of heat produced in the stret- 
ching of the metals. 


Martens A. Die Mefdose als Kraftmesser in der Materialpriifmaschine. Forschungs- 
arbeiten. Heft 88, — Berlin. J, Springer. — Appareils 4 membrane pour 


la mesure des forces dans les machines d’essai des matériaux. — The ~ 


measuring-box as load measurer in the testing of materials. 


Pintsch, J. Widerstandsfahigkeit verschiedener Metalle gegen die Einwirkung der 
Verbrennungsgase von Gasmotoren. (Sonderabdruck aus ,Die Gasmotoren- 
technik*.) — Berlin 1906. Boll & Pickhardt, — Résistance’ de’ divers 
métaux a l’action des gaz de combustion de moteurs a gaz. — Resistance 
of various Metals to the Combustion-Gases of Gas-Motors, 


Woodworth, J. O. Punches, dies, and tools for manufacturing in presses 
London 1907. Lockwood, — Stempel, Stanzen und Werkzeuge fiir Pressen. 
— Matrices et outils pour l’estampage, etc. ' 
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Livres parus. — Erschienene Biicher. — New books. 


Buchner, G. Die Metallfarbung und deren Ausfthrung mit besonderer Beriicksichti- 
gung der chem. Metallfarbung. — Verlag: M, Krayer in Berlin, 1906. — 
La coloration des métaux; coloration chimique. — Metal-staining. 


Féret, R. Etude expérimentale du ciment armé. Verlag: Gauthier-Villars, Paris, 
1906. Experimentelle. Studie uber Betoneisen, — Experimental study of 
reinforced cement. 


Mesnager, A. Commission du ciment armé, Expériences, rapports, propositions 
et intentions ministérielles. — Dunod et Pinat. Paris, 480 p. 1907. — 
Ausschufbericht uber Eisenbeton, — Committee on reinforced cement. 


Chabert, F. Le ciment armé dans les cuveries et les caves de conversation — 
Verlag: Coulet, Montpellier. 1906. — Betonnisen in Wein- und Konser- 
vierungskellern. — Reinforced cement in the wine-vaults and convivial 
cellars. 


Schiile, F. Resultate der Untersuchung von armiertem Beton auf seine Zugfestig- 
keit und auf Biegung unter Beriicksichtigung der Vorgange beim Entlasten. 
— Verlag: Speidel, Zurich, 1906. — Résultats de l’essai du béton armé. 
— Tests on the tensile strength and flexibility of reinforced concrete with 
special regard to its behaviour on release from load. 


Shitkewitch, N. A. Monolitat der Betonbauten.-— Forscherarb. a, d. Geb. d. 
Eisenbetons. — W. Ernst & Sohn. Berlin, 1906. — Construction mono- 
lithes en beton armé — Monolithicity of concrete structures, 


Emperger, F. v. Die Abhangigkeit der Bruchlast vom Verbunde und die Mittel 
zur Erhdéhung der Tragfahigkeit von Balken und Eisenbeton. — Forscher- 
arb. a. d, Geb, d. Eisenbetons, V. Heft. — Verlag: W. Ernst & Sohn, 
Berlin, 1906. — Le scellement entre béton et fer comme mesure de la 
résistance jusqu’a la rupture des poutres. — The bond between concrete 
and steel as a mesure for the bearing strength of beams. 


Probst, E, Das Zusammenwirken von Beton und Eisen, — Forscherarb.a d. Geb. 
d. Eisenbetons, VI. Heft. — Verlag: W, Ernst & Sohn, Berlin, 1906. — 
L’action simultanée du béton et fer. — The working-together of con- 
crete and steel. 


Emperger, F. v. Versuche mit Saulen aus Eisenbeton und Betoneisen. — Forscher- 
arb. a. d. Geb. d. Eisenbetons, VIII. Heft. — Verlag: W. Ernst & Sohn, 
— Essais de piliers en béton armé. — Tests on concrete iron and ferro-_ 
concrete columns. 


Bach, C. Versuche mit Eisenbetonbalken, I. u, IL. Teil. Forschungsarbeiten. Heft 40, 
45—47, — Berlin 1907. J. Springer. — Essais sur poutres en béton armé. 
— Tests on iron concrete beams. 


Bach, C. Versuche mit einbetoniertem Thacher-Eisen, Forschungsarbeiten, Heft 40. 
— Berlin 1907. J. Springer. 


Haimovici, E. Graphische Tabellen und graphisch dargestellte Formeln zur 
sofortigen Dimensionierung von Ejisenhbeton-Plattendecken, resp. Platten- 
balken bei beliebiger, aber wirtschaftlich rationelier Ausntitzung der 
Materialien, Eisen und Beton, hinsichtlich ihrer Inanspruchname auf Zug 
und Druck, — Verlag: B. G, Teubner, Leipzig. — Graphiques pour le calcul 
des planchers en béton armé etc. — Tables and formulae for dimensioning 
iron concrete ceilings and beams, 


Barkhausen, G. Theorie der Verbundbauten in Eisenbeton und ihre Anwendung. 
(Sonderabdr.) — Wiesbaden, 1907. Kreidel. — Théorie des constructions 
mixtes en béton armé; son application. — Theory ob combination 
structures in ferro-concrete and their application. (Reprint.) . 
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Livres parus. — Erschienene Biicher. — New books. 


Guidi, Camillo, Le costruzioni in beton armato, 2. ed. — Turin 1907. — Les 
constructions en ciment armé. — Ferro-concrete construction. 2nd ed. 


Pesenti, Cesare, Il cemento armato ed il cemento semiarmato ricerche teoriche 

; e loro practiche applicazioni. -—- Bergamo, 1907. — Le ciment armé et 
semi-armé. — Reinforced and semi-reinforced cement. — Theoretic researches 
and practical applications. 


Cassal H. J. S. Glues and cements. — London, 1906, L. U. Gill. — Colles et 
ciments. — Leim und Zement. 


Rice H. H. u. Torance, W. M. Manufacture of concrete blocks and their use in 
building construction, — Verlag: Constable, London 1906, — Betonblocke 
im Bau. — Fabrication de blocs en ciment; leur emploi, 


Gribler, M. Vergleichende Festigkeitsversuche an Kérpern aus Zementmortel, 
Forschungsarbeiten. Heft 39. — Berlin 1907. J. Springer. — Essais com- 
paratifs sur le mortier de ciment. — Comparatif tests on cement mortar, 


Meade, R. K, Portland cement, its composition, ete, New edition. — London 1907. 
Williams & Norgate. — Portlandzement. — Le ciment Portland. 


Stoffler, E. La pierre artificielle, Fabrication des briques engrés silico calcaires, 
— Paris 1907. Tignol, — Kunststeine. — Artificial stone. Manufacture o 
silico-calcareous sand bricks. 

Zschokke, B., und Moser, Dr. R. Resultate der technologischen Untersuchung 
der schweizerischen Tone. Mitt, der Eidg. Materialpfesanst. Ziirich, 11. Heft. 
— Zurich 1907, E. Speidel. -—- Recherches sur les argiles suisses, — 
Tests on swiss clay. 

Grabenmann, U. Die kristallinen Schiefer, II, Teil. — Berlin 1907. Gebr. Born- 
traeger. — Les ardaises cristallines, — The crystalline slates. II part. 


Fritsch, J. Les huiles et graisses d’origine animale. — Paris 1906. Desforges. 
— Animalische Fette und Schmiermittel. — The animal oils and greases, 


Heffter, G. Technologie der Fette und Ole, (4 Bande.) — Berlin 1906. Jul. Springer. - 


— Technologie des graisses et huiles. (4 vol.) — Technology of the fats 
and oils, (4 vols.) 


Hofer, H. Das Erdél und seine Verwandten. — Braunschweig 1906. F. Vieweg 


& Sohn, — Le pétrole et les substances connexes. — Petroleum and its 
kindred oils, 

Zimmermann, Wilh. Wasserfeste und waschechte Holzbeizen. — Ziirich 1907. 
A. Wehner, — Macération du bois, — Waterproof and washing-proof 
wood-mordants, 

Henry, Y. Le caoutchouc dans l'Afrique occidentale frangaise. — Paris 1906. 
Challamel. — Caoutchouc in French East Africa. 


Hall, Ch. H. The chemistry of paints and paint vehicles, — Archibald Constable 
& Co. Ltd., London 1906.— Chemie der Anstriche und fahrbare Anstrich- 
vorrichtungen. — La chimie des peintures. 


Winzer, Ant, Papiermaché und Zelluloid. Eine ausfiihrliche Darstellung ihrer 
Bereitung und Verwendung fiir Gebrauchs- und Luxusgegenstainde. 4. Aufl. 
— Leipzig 1907. B. F. Voigt. — Papier-maché et celluloid, — Papier- 


maché and celluloid. A detailed description of their manufacture and ap- — 


plication in the form of articles of daily use and luxury, 4th edition. 


Erdmann u. Konig. Grundri® der allg, Warenkunde unter Berucksichtigung der 


Mikroskopie und Technologie. — Verlag: J. A. Barth, Leipzig 1906. 
(14. Auflage.) — Les marchandises, en général, examen microscopique et 
technologie. — Compendium of general knowledge of commercial wares, 


with special regard to microscopy and technology. 
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INTERNATIONAL ASSOCIATION 
O FOR TESTING MATERIALS o 


General Secretary’s Office: Vienna, Austria, II/2, NordbahnstraBe50. 


Membership. 


The annual subscription for each member is at 
least 6s or 1.50 §. 


Those wishing to join the International Association 
should apply: 


for GREAT BRITAIN, to Mr, J. P. Sidney, Assistant Secretary of The Iron 
and Steel Institute, London. 

7» THE UNITED STATES OF AMERICA, to Prof, Edgar Marburg, Secretary 
of the Am. Soc, Test. Mat,., Philadelphia. 

35 AUSTRALIA, to Prof, W. H. Warren, University of Sydney. 


Papers of the IV" Congress, 
held at Brussels 1906. 


These can be obtained from the General Secretary at the 
rate of 0.25—1 K each. The Minutes of the Congress Proceedings 
2 K a copy. (1 K = 10 d = 20 cents.) 


Obtainable at all booksellers: 


“Methods of Testing metals and alloys; hydraulic cements 
and woods; clay, stoneware; and cement pipes“, recommended 
by the IVth Congress. E. & F. N. Spon Ltd., London. Spon 
& Chamberlain, New York. (Price 1s.) 
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Notice. 
It is proposed to attach advertisement pages to the 
“Proceedings’ — beginning from the next number. These 


“Proceedings”, published in three languages, appear in an 
entire edition of 3000 copies, 2000 of which are distributed 
gratis among the members of the International Association for 
Testing Materials. The circle of the readers of this paper is 
composed of researchers and manufacturers, public bodies and 
technical societies. 

All these circumstances guarantee that the insertion of 
advertisements in these “Proceedings will establish new points 
of contact between producer and consumer and will be of 
utility for both parties. 

The “Proceedings appear at least 4 times a year; but at 
the time of each Congress — taking place every three years, — 
(next, September 1909 at Copenhagen) an increased series of 
numbers, at least 20, is published giving all the Congress 
papers and Congress proceedings, documents of permanent 
value, especially to be recommended for the insertion of ad- 
vertisements. 

All persons interested in this matter are invited 
to make use of the “Proceedings” for advertising pur- 
pee 

The terms are as follows: 


Price of an octavo Page res 
Advertisement in 
in the English edition in the ertire edition 
alone 
1 number 100 frcs. 125 Sony 
5 numbers 400 , 500 , 
10 > | 700 se, 875-8 


For half or quarter page the price is correspondingly less. 
Reduction of 20°/) is allowed to Members of the International 
| Association for Testing Materials. 
Advertisements and remittances may be sent to the 


office of the General Secretary of the International Association 
for Testing Materials, Vienna, II/2, NordbahnstraBe 50. 


Edited by the International Association for Testing Materials, Vienna, II/2, Nordbahn- 
oo strafie 50, — Printed by Paul Gerin, Vienna, ood 


i 
< 


— sae sal 
/ 


toa 


ae 


 aceaceveuvdcdcaunne 
J Sf se 


g: PROCEEDINGS 2: 


OF THE INTERNATIONAL ASSOCHEA- 
TION FOR TESTING MATERIALS. 


a 
Published at irregular inter- 4» VIENNA, 
A : 1 | 
valsin an cere | Frenchand = March 1909. 
Bis pree reivion-Eot Members ug N 4 Limited. London. 57 Hay- 
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Contents: The Vth International Congress in Copenhagen. Programme, List of 
Papers. — Personal matters. — Proceedings of the XVIII‘ Council’s 
7 Meeting held in Frankfort on Main, February 6th 1909. 


Price of this number 6d or 
O 12 cts. for non-Members. O 
Publisher: E. & F. N. Spon 


The invitation of the Organisation Committee is inclosed 
with this number. 


The V" International Congress for Testing 
Materials. 


The V‘ Congress of the International Association for 
Testing Materials will be held under the Patronage of His 
Majesty King Frederick VIII ** of Denmark,September 7—11'" 1909 
in Copenhagen. 

With the exception of delegates from public bodies, only 
members of the Association will take part in the Congress”). 

The programme has been drawn up as follows: 
Tuesday, September 7": General Meeting. 

Ceremonial Opening of the Congress in the presence of His 

Majesty the King of Denmark. 

Welcoming of the delegates and members. 

Address by the Prime Minister. 

Business Report of the President of the Association. 

Paper read by Mr. Pou/ Larsen on the “Development of the 

Cement industry in Denmark“. 
Evening: Reception at Danish Institute of Engineers. 


*) For membership see last page. 
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Wednesday, September 8": Meetings of the Sections. 
Evening: Reception of the Members of the Congress in the 


Town Hall by the heads of- the Municipality, afterwards — 


visit to the Tivoli. 

Thursday, September 9": Meetings of the Sections. 
Evening: -Free. - ? 

Friday, September 10%: Meetings of the Sections. 


Later, inspection of the harbour of Copenhagen by steamer; : 


dinner in the watering-place of Skodsborg. 


Saturday, September i1t; Final General Meeting. Reports of the. 
Sections, and drawing up of Resolutions. Paper read by | 


Mr. /. E. Stead of Middlesborough “On the practical Use of 


the Microscope in Testing Metals and Alloys“. Close of the 


Congress. Afterwards excursion to Helsingor. Visit to the 
Castle of Kronberg, and farewell festival at Marienlyst. 


The inspection of various sights of technical interest in 


Copenhagen will take place in the course of the Congress days. | 
The Member’s subscription has been fixed at 20 Danish 


Crowns (26°70 Frcs.) for’ gentlemen, and at 12 Danish Crowns 
(16 Fres.) for ladies. 

Names must be sent in, accompanied by the above amount, 
at latest by June 18* to the Council Delegates or Mandatories 


for the respective countries, and these gentlemen will forward — 


the names to the Organisation Committee in Copenhagen (address: 
Dansk Ingenierforening, Amaliegade 38, Copenhagen), and a copy 


to the Office of the General Secretary, Wien II., Nordbahnstrafe 50. 


Great 5 days excursion to Jutland from Sunday 12 
fo Friday 14": 


After the close ot the Congress, 


Sunday, September 12": Evening: Departure by steamer tom 


Aalborg to visit the Cement Works there. From there, 
either by rail to Skagen or to the North Sea coast to 
inspect the great coast-preservation constructions. The 
members of both parties will meet at Aarhus to visit the 
National Exhibition. The expenses of this excursion are 
not included in the member's subscription. 


a 
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Congress papers. 


The following list of papers will be issued to be discussed 
at the Congress. All these papers will be published in the “Pro- 
ceedings“ and distributed in a trilingual edition gr alis to all members 
of the International Association. 

The Congress members will receive further a Peeisment 
containing expanded reports of some of the papers, each in its 
original language. These supplements as well as the “Proceedings 
will be obtainable at all booksellers. 


A. Metals. 
a) Metallography. Official Report by Prof. E. Heyn, Gr.-Lichterfelde. 
Special Steels by Prof. L. Gur//et, Paris. 
The Heat Treatment of Spring Steel by Lawford H. Fry, 
Paris. 
On a Metallographical meabiect: by W. Rosenhain, Teddington. 


b) Hardness Testing. Official Report by Dr. F. Ludwik, Vienna. 
Simplified Apparatus for Ball Pressure Tests by Prof. E. Heyn 
and A. Martens, Gr.-Lichterfelde. 
The Cone Pressure Test used for the Determination of the Hardness 
of Iron Superstructure Material by Dr. A. Gessner, Vienna. 
On the Brinell Method of Hardness Determination by H. Moore, 
London. 


c) Impact Tests. Official Report by CG. Charpy, Paris. 

The Definition of Resilierice in Connection with Impact Tests 
by L. Revillon, Paris. 

Impact Tests on Notched Bars at Different Temperatures by 
Prof. L. Guillet and L. Revillon, Paris. ; 

On Impact Tensile Tests by P. Breui/, Paris. 

On Impact Bending Tests on Notched Bars by Prof. F. Schiile 
and &. Brunner, Zurich. 

Comparative Statical and Dynamical Notched-Bar-Tests by 
Dr. A. Leon and Dr. P. Ludwik, Vienna. 

Application of Modern Testing Methods to Alloys of Copper 
by ZL. Guillet and L. Revillon, Paris, 

The Dynamic Load and Impact Tests by We/rkhoff, Moscow. 

On Piece Tests of Important Structural Parts by O. Hoénigs- 
berg, Vienna. 
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d) Testing Metals by Alternating Stresses. Official Report by 
J. E. Howard, Watertown. 
Quality and Time Tests of Copper wire by Prof. F. Schiile 
and &. Brunner, Zurich. 
e)eTesting of Cast Iron. Official Report by Dr. R. Moldenke, 
New York. 
On the Testing of Cast Iron by the Brothers Su/zer, Winterthur. 
f) Influence of Increased Temperature on the Mechanical Qualities 
of Metals. Official Report by Prof. /. Rudin Gr.-Lichter- 
felde W. 


Not belonging to any Principal Question. 


On a new Mirror-Apparatus for the Measurement of Elasticity 
by Prof. B. Kirsch, Vienna. 


Reports on Problem 28: “Magnetic and Electric Properties 
of Materials in Connection with their Mechanical 
Testing“. 

Report by A. Griinhut and Dr..Wahn, Vienna. 

Ferro-Magnetism by Prof. P. Weiss, Zurich. 

Method for determining elastic strength limit by means of 
thermo-electric measurements by Ew. Rasch, Gr.-Lichter- 
felde. 

Report by Prof. J. W. Esterline, Lafayette. 


Report on Problem 24: “Nomenclature of Iron and Steel with 
a Definition of their Microscopic Constituents* by Prof. 
M. H. M. Howe, New York and Prof. A. Sauveur, Boston. 

Report on Problem 1: “International specifications for Testing 
and Inspecting Iron and Steel* by Dr. A. Rieppe/, Nurem- 
berg. 

Report on Problem 38: “Principles for Specifications of Copper“ 
Byetrolr eA eUiilet, eLecios 

Conclusions drawn from Studies on the Qualities of Rails, as 


. ela 


Basis for Conditions of Tender for Rails by Prof. Dr. NV. — 


Belelubsky, St. Peiersburg. 
Unification of Methods for Testing Steam, Gas and Water 
Pipes by A. C. Karsten or Prof. H. /. Hannover, Copenhagen. 
The Spark Method for Grading Steels by M. BSermann, 
Budapest. 


&) 


A) 


On Internal Friction in Loaded Materials by Prof. @. H. Gulfiver, 
Edinburgh. 

Relating to the prac bies of Technological Mechanics by 
Dr. P. Ludwik, Vienna. ‘isis 

Tenacity and Ductility by Dr. Misangy/, Budapest. 

The Connection between the Permanent Sets produced by 
Tensile andCompressive Strains respectively, by Dr. Misangyi, 
Budapest. 

General Korobkofi's definition of. the tenacity by Prof. N. 
Belelubsky, St. Petersbourgh. 


B. Cement, Stones, Concrete. 


Reinforced Concrete. Official Report by Prof. F. Schii/e, Zurich. 

Experimental Researches on the Subject of Building Constructions 
by Ch. Rabut, Versailles. 

On accidents in connection with Reinforced Concrete Structures 
by Dr. fF. vi Enrperger, Vienna. 

On Disturbances in the Bond between Different Materials by 
Die A. Leo, Vientvar- 

Contribution to Methods of Investigation into the Elastic Longi- 
tudinal Deformation of Concrete by Dr. B. v. Bresztowsky, 
Budapest. 

Influence of Repeated Strains on the Bond between Concrete 
and Iron with Clean and with Corroded Surface by Prof. 
Pa hirsci?,. Vienna, 

The influence of Thin Transverse Connections on the Strength 
of Concrete by W. Nekrassow, St. Petersburg. 


Progress in the Methods of Testing, Official Report by 
R. Feret, Boulogne-sur-mer. 

Report on Problem 9: “Rapid Tests for peeriNning the Strength 
of Hydraulic Cements“ by Dr. F. Berger, Vienna. 

Report on the same Problem by &. Deva/, Paris. 

Report on the same Problem by A. Crev/, Vienna. 

Report on Problem 80: “Simplest Method for the Separation 
of the Finest Particles in Portland Cement by Liquid and 
Air Process“ by Prof. M. Gary, Gr.-Lichterfelde. 

Report on the Work done by the Commission 11: “Testing 
Puzzolanas with the Object of Determining their Value for 
Mortars“ by CG. Herfe/dt, Andernach. 
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Report on Problem 40: “Unification of Specifications for Gypsum* 
by Prof. M. Gary, Gr.-Lichterfelde, and 2. Feret, Boulogne- 
sur-mer. | 

i) Tests by means of Prisms and Standard Sand. Official 
Report by Prof. F. Schii/e, Zurich. 

j) Constancy of Volume. Official Report by B. B/ount, London. 

k) Cement in Sea Water. Official Report by Prof. W. Czar- 
nomsky and A. Baykoff, St. Petersburg. 

experiments on the decomposition of mortars in sulphurated 
water by J. Bied, du Teil. | 

Experiments with Reinforced Concrete in Sea Water by Prof. 
M. Moller, Braunschweig. 

Cement in Sea Water by A. Poulsen, Copenhagen. 

/) Weathering Resistance of Building Stones. Official Report 
by Prof. A. Hanisch, Vienna. 

Relating to the theory of the influence of frost on natural stones 
byt rol, dor. Seng: 

Model for testing stones by Prof. Dr. J. Hirschwald, Char- 
lottenburg. 

On the resistance to frost by &. Leduc, Paris. 


Not belonging to any Principal Question. 


On the Binding of Mortar after several Interruptions in the 
Work by Prof. B. Kirsch, Vienna. 


On the Strength, Elasticity-, Water-Permeability and Setting 


Qualities of Trass, Trass Cement and Cement Lime Mortars 
by <Dr./ /7), Renezeder, Vienna, 

On the Specific Heat of Refractory Materials at High Tem- 
peratures: by Dr. J. W. Mellor, Stoke-on-Trent. 


C. Sundries. 
m) Oils. Official Report by Dr. M. A/brecht, Hamburg. 
n) Caoutchouc. Official Report by E. Camerman, Brussels. 
Mechanical Testing of Caoutchouc by P. Breui/, Paris. 
0) Wood. Official Report by Prof. W. kK. Hatt, Lafayette. 
Pp) Paints on Metallic Structures. 
Official Report by S. S. Vorhees, Washington. 


Attacks on Iron by Water and Aqueous Solutions. Official 


Report by Prof. &. Heyn,; Gr.-Lichterfelde. 
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On Paints on Metallic Structures by &. Camerman, Brussels. 
A Plea for International Investigation concerning Protective 
Coatings for Iron and Steel by /. Cruickshank Smith, London. 


Not belonging to any Principal Question. 


On the International Technical Regulation of Testing by 
Dr. W. Exner, Vienna. 

Testing in the Domain of Automobile Work by Dr. W. Exner, 
Vienna. 


Personal Matters. 


+ Prof. Dr. J. Thomsen, The Organisation Committee have 
experienced a severe loss in the death of the renowned Danish 
savant, His Excellency Prof. Dr. Julius Thomsen in Copenhagen, 
who was to have take part in the Congress as Honorary 
Member. The world of science laments with them the loss of the 
author of the celebrated work on thermo-electrical investigations. 

Mr. G. C. Lloyd, the recently nominated Secretary of the 
Iron and Steel Institute, has been elected Council’s Delegate for 
Great Britain in place of the late Mr. B. H. Brough. 

Mr. E. Bian, Director of Forges d’Eich in Dommeldange 
has undertaken the office of Mandatory for Luxemburg. 

Mr. J. O. Roos af Hjelmsater, Manager of the Institute for 
Testing Materials in Stockholm, has kindly consented to act for 
the Swedish Delegate Mr. G. Dillner in the business of the Asso- 
ciation untill the fresh election. 


Changes in the Committees. 


Committee 1. (International Specifications for Iron and Steel). 
Director G. Veh/ling of Rothe Erde (Aix la Chapelle) and Prof. 
R. Stribeck for Krupp’s (Essen) have joined subcommittee 1. 

Committee 7 (Weathering of Stones.) Prof. MW. Gary (Grof- 
Lichterfelde) Prof. Dr. J. Hirschwa/d (Charlottenburg) and Mr. 
£. Leduc (Paris) have joined the committee, 

Committee 24. (Uniform Nomenclature of Iron and Steel.) 
Mr. J. E. Stead F.R. S. (Middlesborough) and Mr. F. W. Harbord 
(London) have joined the committee. 


Committee 30. (Finest Particles in Portland Cement.) Owing 
to the decease of Mr. Lejeune, Mr. R. Feret (Boulogne-sur-mer) 
has entered the committee. 

Committee 38. (Specification for Copper.) Prof.L. R. v. Stockert 
(Vienna), on whose proposal this. committee has been instituted, 
resigned his functions owing to his state of health. 

Committee 41. (Reinforced Concrete.) Mr.W. Dunn F.R.L.,B.A. 
(London) has entered the committee as representative of the 
Concrete Institute, Prof. W. C. Unwin F. R. 5. (London) as 
representative of the Institution of Civil Engineers. — 


Minutes 


of Proceedings of the XVIII Council’s Meeting 
held at Frankfort-on-Main in the Hé6tel Continental, 
February 6 1909. 


Meeting opened 10. a. m. 
Chairman: 


Mr. A/exander Foss from Copenhagen. 
The following were also present: 
The Vice-chairman: 
Professor Dr. A. Martens from Gross-Lichterfelde. 
Professor Dr. N. Bele/ubski from St. Petersburg. 
Council’s Delegates and Mandatories: 
Mr. L. Bienfait from Amsterdam. 
Mr. A. Greiner from Seraing. 
Mr. A. Granfe/t from Helsingfors. 
Professor H. /. Hannover from Copenhagen. 
Professor B. Kirsch from Vienna. 
Mr. G. C. Lloyd from London. 
Professor A. Mesnager from Paris. 
Mr. J. O. Roos af Hjelmsater from Stockholm acting for 
Mr. G. Diliner. 
Professor F. Schii/e from Zurich. 
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Further the following gentlemen: 
Mr. H. de Gorski accompanying Mr. A. Greiner. 
Captain A. G. V. Petersen accompanying Mr. Foss. 
Secretary: 
Mr. &. Reit/er General Secretary. 


The Chairman opened the meeting, and thanked the gentlemen 
present for their attendance in so large a number, more especially 
those, who, like the gentlemen from Helsingfors, St. Petersburg and 
Stockholm, had not been afraid of a long journey for the purpose; 
he further expressed his regret that he had been unable to attend 
the Council’s Meeting at Munich in the previous year. 

The following gentlemen sent excuses for non-appearance: 

Dr. F. Berger, who having started on his journey to Frankfort 
had been forced to turn back through the railway communication 
being broken. 

Further: 


Mr. &. Bian from Dommeldingen. 

Mr. C. v. Banovits from Budapest. 

Professor J. Benetts from Bologna. 

Mr. J. da P. Castanheira das Neves from Lisbon. 
Mr. Ch. Dudley from Altoona, U.S. A. 

Mr. S. A. Lund from Christiania. 

General J. Marva y Majer from Madrid. 

Mr. M. Milasinovic from Belgrade. 


Pointe. or-business: tn’ and, 
Passing of Minutes of XVII Council’s eee: 


Minutes passed. 


Point 2 
Changes in the Council. 

The President spoke in words of the warmest appreciation 
of the deceased Mr. Bennett H. Brough, late council’s Member 
for Great Britain, whose death had occurred since the last 
Meeting, particularly emphasising in his speech the gratitude and 
the obligations of the Association towards Mr. Brough for his 
active promotion of the objects and interests of the Association 
in Great Britain, where the Association’s principles of unification 
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had met with much opposition. — He referred to the ready kind- 
ness of Mr. L. P. Sidney in acting as substitute, and offered a 
cordial welcome to Mr. @. C. Li/oyd, the recently nominated 
Secretary of the Iron and Steel Institute, and newly elected Coun- 
cil’s Delegate for Great Britain. In the course of his speech he 
laid particular stress on the importance of he English speaking 
nations joining in the work of the Association. Finally the expressed 
the thanks of the Meeting to the governing body of that Institute, 
who, by agreeing to the election of Mr. L/oyd as Council’s 
Delegate, had given a fresh proof of their pene PAC the 
Association. 

The President announced that Mr. &. Bian Director of Pores 
d’Eich in Dommeldange had undertaken the office of Mandatory 
for Luxembourg, and thanked that gentlemen for the Propasenga 
made by him for the Association. 

Mr. Roos af Hjelmsater, Manager of the Institute for Testing 
Materials in Stockholm, whom the president welcomed, had kindly 
consented to act for Mr. GC. Di//ner in the business of the Association, 
until the fresh election. . 


Pointe3; 
Changes in Number of Members. 
The Number of Members at the end of 1908 is as follows: 


Argentines b= Japaat 1 
Australia . 17 Luxembourg 9 
Austria . 193 Norway . ' 40 
Belgium . 75 ~=Portugal . 14 
Brasil . 2  Roumania : 19 
Chili 2 Russia (Finland 29) 231 
Denmark . ioe wetvia,. 3 
France 163 Spain . 27 
Germany . 370 Sweden 49 
Great Britain 7 Switzerland . oe. 
Holland 42 United States of North if 
Hungary .. 69 America ? 293 
Italy 5D 


Amount end of 1908: 1900. 


Professor Belelubsky notified that the number of Russian 
member has for various reasons decreased in the last years, but 
he is sure that within the next months the original number will 
be made up again. 

Prof. Dr. Edgar Marburg of Philadelphia had especially earned 
the gratitude of the Association through the exertions made by 
him to increase the number of members in America. 


| Poriiy te 4: 
Work of the Central Office. 


The Genera/ Secretary made the following communications: 


Of the “Proceedings*, Numbers 1—3 had already appeared. 
The review, begun in No 8, had given as comprehensive a survey 
as possible of the publications under every head in the domain 
of Testing Materials for the period from the IV Congress down 
to the end of 1907 — besides the publications of the National 
Associations and the laboratories. 


It had thus gone beyond the “Hints as to specially important 
Articles from various periodicals in all Countries, pointed out by 
Council members“ — proposed in the XVII Council’s Meeting 
because such a selection had proved not to be feasible. The cost 
of printing such a review would therefore come in round numbers 
to. 1000 francs a year. The “Proceedings“ are published on com- 
mission by E. & F. N. Spon L'4, London, Julius: Springer, Berlin, 
Dunod and Pinat, Paris. It is intended to put the whole volumes 
1906— 1909 of all the “Proceedings upon the market, or simply 
the Congress Reports and Minutes alone in one volume, a form 
of publication promising — in America particularly — more success 
than the issue of single numbers. The attempt to make the 
“Proceedings* into a source of profit by the insertion of adver- 
tisements has already been started. 

The Council took note of these communications, and recom- 
mended the pursuing of the course thus entered upon. The wish 
was expressed that the review might be extended to other languages 
Such as Russian, Japanese etc. The CGenera/ Secretary begged 
the Council Delegates and the Mandatories to assist him by sending 
in hints as to laboratory work in their own countries, in order 
to make the review as comprehensive as possible. 
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Point 5. 
Changes in the Committees. 


The correspondence was read as to the changes in the 
committees published in No. 8 of the “Proceedings”. 


Dr. Rieppe/, Chairman of the Committee for International 
Specification for Iron and Steel, communicates that Director G. Vehling 
of the Work Rothe Erde (Aachen) and Prof. R. Stribeck from 
Krupp’s (Essen) have joined Sub-committee I, in which Germany, 
Great Britain and U. S. A. were now represented. Professor M. Gary 
(Gross-Lichterfelde), Professor J. Hirschwald (Charlottenburg), and 
Professor E. Leduc (Paris), have joined Commission 7 (Weathering 
of Stones). 


Professor L. R. von Stockert, on whose proposal the Copper 
Committee has been instituted, has written, that, owing to his state 
of health, he has been forced to lay down his offices. 

On the motion of Mr. G. C. Lloyd it was decided to invite 
the Institution of Civil Engineers to send a representative to 
the Reinforced-Concrete-Committee. Mr. Wi//iam Dunn F. R. I. B. A. 
was also begged to join the Committee as the representative of 
the Concrete Institute. 

The further motion of Mr. L/oyd, that Messrs J. E. Stead and 
F. W. Harbord should be appointed to Committee 24 (Nomenclature 
of Iron and Steel), was agreed to, on the supposition that the 
work of the Committee has not yet been definitely completed. 

On the motion of Professor Mesnager, Mr. R. Feret of Boulogne- 
sur-mer was elected to Committee 30 (Finest Particles) in place 
of Mr, Lejeune deceased. 


He Ghiprycel 
Financial Report. 


The President brought forward the financial report given 
below. Several countries not having yet paid the amounts owing 
for 1908, the receipts are about 1000 francs in arrear of the 
budget. Among the expenses appears the increased amount for 
printing in the general administration, the reason for which has 
already been assigned as a consequence of the publication of the 
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Review in the “Proceedings“. The year is closed with a balance of 
9259°80 francs. Messrs A. CGranfe/d and L. Bienfait were requested 
to undertake the auditing of the books by the afternoon. 


Funds of the Association end 1908. 


Balance in hand of the Delegates and Mandatories 
eee ee ee ee ee Pres. Fost 4 
memmiceso: the ticad cash see B .o .. Oe. pe ea0d OU 
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A. 


Receipts and Expenditure of the Members of Council and 
Mandatories for the year 1908. 
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| Sub- | | : 

| scriptions Paid into | x a Shalt a 
Country || Balance | and Sub- | Total | Head cash) "RTO" | gts Decem- 

| received | : | pee 

Fres. Presweee — Fres,-/; -- Fres. Eres, © y  ) Fres. 
Australia _— 15750 | 15750 | 157°50 = 
Austria 264°41 | 2.505°71 | 2.770'12 | 1.890-— 605°23 | 274°89 
Belgium —*— 562°50  562°50 553° — 9-50 | —— 
Denmark 43°43 | , 65319 696°62 574°56 4459 = 17°47 
Finland —13°70 21850 | 203:30 | 213°10 4°40 | —13°70 
France . —— | 1260'— | 1.260-— — 1.157°55 102°45 i 
Germany 50762 | 4°315°81 | 4823-43 | 3.375— | 571°85 87658 
Great Britain oe 712°50 71250 | 660'— | 52:‘50 | — 
Holland 71°82 31752 | 3889°34 | 262°50 B9°TD | 87°09 
Hungary 14°04 57444. 588-18 462: — 30°91 | 95°27 
Italy +) 37:10 —— | 38710 —— —*— | 37°10 
Luxemburg —_—— 45t— «| 45°— 45°— a i 
Norway +) Wer S0 1S — | 85°78 —*— —*— 85°78 
Portugal —°35 105— 105°35 88°55 -6°80 10°— 
Roumania +) e551, *)162°50 | *)157°50 | *)110'—% *)25°20 | *)22°80 
Russia +) —_~"— 525'-— 5 25°-— 525°'— —'— - 
Servia —*— 22°50 © 22°50 | 22°50 1°25 —1°25 
Spain pass ta 202°50 — 202°50 202°50 — —— 
Sweden +) —- a — —*— —"— | —— 
Switzerland 37 43 66250 699°93 576°65 93:40:, 29°88 

United States of | 
America — -— "| 2.29878 | 2,298°78 | 2.17896 | 11982, —— 
| | 

Total | 1.048:28 15.800°15 16.343°43 |13.054°37 | 1.707°65 | 1.581°41 


+) No accounts sent in for 1908. 
*) Refers to paymant delayed from 1907. 
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Amount 


Estimate 


Fres. 


Frcs, 


Credit carried over from year 1907 . 
Members Subscriptions, and Subventions: 


a) From the Council’s Delegates and 
Mandatories . 


b) Received direct: 


from Great Britain .....Fres. 
Greece... 
Japan 
Luxembourg ..... 
Sweden 


Interest 


Profit from Sale of Congress-papers . 


*) The Members Subscriptions from Italy 


1,621°27 


13.054°37* 


198°88 


bd 


15.018°25 


Norway, 


75-40 | 
68°33 | 


Roumania 


1.621°27 


13,980: — 


Receipts and Expenses of the Central Office for 1908. 


Expenses 


Amount 


Estimate 


Frcs. 


rest 


Salaries and Office .... 


Expenses Residue from Printing and post- 
age expenses of IVth Congress Minutes 


Members cards, Circulars etc, 


Printing and postage expense of *Pro- 
beeaings- Nos, 2 and ’G ss ae 


Translations to complete “Technical 


REV LEW “2a rh ee tte Ss 
Preliminary expenses for Vth Congress 
Postage 
Miscellaneous (Exchange Differences etc.) 
Credit carried on”) 


Totaby > 22% 


' 


7.560°— 


1.806°90 
369°39 


2.468°78 


101°85 


199°35 
25218 
2.259°80 
15.018.25 


and Sweden pro 1908 (about 1100 Fres.) have not yet come in. 


7.560°— 


— 1.600:— 


400°— 
200°— 
| 8,891-27 
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Roratirys 
Preparations for the V‘' Congress. 


Report on the Congress-Programme and on the Work of 
the Organisation Committee. 


The President reported as follows: 


His Majesty King Frederick V/I/“ has consented to be Patron, 
and will probably attend the opening meeting of the Congress. 
His Royal Highness the Crown Prince Christian has_ kindly 
agreed to be honorary president of the Congress. The Prime 
Minister, the Minister for Foreign affairs, the Minister of the 
Interior and the Minister for Public Works, as well as the Presr- 
dents of the House of Peers and of the House of Commons, the 
Mayor of Copenhagen, and Prof. Ju/. Thomsen P. C.*) will officiate 
Mayor as honorary members of the Congress. It is to be hoped that 
foreign governments will be largely represented by delegates. These 
governments have been invited by the Foreign Office in Copen- 
hagen through diplomatic channels; and direct invitations have 
further been despatched by the President to the various authorities 
and public bodies of these countries, the necessary information 
having been provided by Council's Members of the Association 
or obtained through the respective legations. 


With the exception of delegates from public bodies, only 
members of the Association are to take part in the Congress. 
A Council’s Meeting has already been planned for September 5". 
The following programme has been drawn up. (See page 1.) 


The Member’s subscription has been fixed at 20 Danish 
Crowns (26.70 Fres.) for gentlemen, and at 12 Danish Crowns 
(16 Fres.) for ladies. 

Names must be sent in, accompanied by the above amount, 
at latest by June 1* to the Council Delegates on Mandatories 
for the respective countries, and these gentlemen will forward the 
names to the Organisation Committee in Copenhagen (address: 
Dansk Ingenierforening, Amaliegade 88, Copenhagen), and a copy 
to the Office of the General Secretary, Wien, II., NordbahnstraBe 50. 


The Meeting took note of these communications with expres- 
sions of the warmest thanks to the President. 


*) Prof. J. Thomsen has since died, 
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The President further announced that steps were being taken 
to arrange the election of Chairmen of Sections in good time, and 
to insure the co-operation of specialists as interpreters; and requested 
the support of the Council’s Delegates in the matter. To make the 
transactions of-the Congress as successful as possible, members 
will be begged to announce as early as possible their intention of 
taking part in any discussions; and in order to have the Minutes 
of the Congress as exact as possible, the speakers will be begged 
to give a short abstract of their speeches immediately after the sitting, 
for which purpose shorthand writers will be at their disposal. Care 
will be taken, by means of a judicious distribution of the sectional 
meetings, to meet the wish expressed that members might be 
enabled to attend important transactions of Sections A and B. 


Resolutions passed on the papers presented.. 


Before reading the titles of the papers already sent in or 
announced, the President informed the Meeting that, at the sug- 
gestion of Messrs Be/elubsky and Schiile, the Council’s Members 
assembled at Basel on October 12t for the Meeting of the Con- 
crete Iron Commission, viz: Messrs Martens, Schiile, Kirsch, 
Belelubsky and Mesnager, had made proposals for the nomination 
of Referees for Principal Questions a) to p). On receipt of the in- 
vitations sent outin the President’s name, the gentlemen designated 
below as Official referees had in the most obliging manner ex- 
pressed their willingness to act. 


(For list of papers see page 3—7.) 
The Meeting was suspended at 1 p.m. Resumed at 3 p.m. 


After a long consultation the following points were decided upon: 

1..The accepting of Congress Papers to be regarded as 
closed with the foregoing list. 

2. Reports already published, wholly or in part, in any 
journal or in any language whatever, can only be given as brief 
abstracts. 

3, It:is decided on principle that this time aMreparms 
either in their full extent or as abstracts, shall be published 
in the “Proceedings* in three languages, and in this way 
come to the knowledge of all the members. 
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As to the amount to be printed, the following points were decided 
upon, in view of the limited means at the disposal of the Association. 

a) All reports of official referees on Principal Questions, as well 
as of the Chairmen of Committees, and official referees on 
technical problems, to be published in full in three languages. 

With regard to Problem 28: “Magnetic and Electric Qualities‘, 

for which there are four referees, the wish was expressed, 

if possible, to limit the edition in three languages to half a 

printed sheet each. 

b) With regard to all other reports, certain distinctions to be made: 
1. Up to a maximum of 8 pages in length, they can 
likewise be published in full in three languages, if the principles 
determined on above do not demand any further modification. 
2. If the reports exceed 8 pages, the authors are to 

be begged to reduce their reports to 8 pages, the reports 
then being treated as under head b 1. If this, however, is 
not feasible, the authors are to be begged to send in brief 
abstracts, of about 4 pages in length, which will be 
published in three languages in the “Proceedings“; while 
the actual report, likewise abridged as far as possible, will 
appear in the original language in the “Supplement to the 

Papers laid before Congress‘. 

Thus, while all the members of the Association will 
be informed — either in extenso or by abstract — of the 
contents of every single report, ina trilingual edition in the 
“Proceedings”, the Supplements willprovide the members 
of the Congress gratis with single expanded reports in 
one language. The ,Proceedings* as well as these Supplements 
will also be on sale at the booksellers. . 

The General Secretary is therefore commissioned, in accor- 
dance with these principles, to approach those gentlemen, whose 
reports require an abridgement, or also the addition of an abstract. 

The General Secretary will have at the same time to point out 
that the Council, in all their public notices, have repeatedly declared 
themselves only able to print reports to the extent of 8 pages. 

In conclusion the Council decide to recommend on principle, 
for the future, that notification should be given clearly and distinctly 
that reports from officially nominated referees can only be accepted 
in the length of 8—16 pages, and all other reports only up to 8 pages. 
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On the basis of the decisions thus ‘made, the General Secretary 
estimated the expenses of the trilingual edition of the reports, as 
well as the cost of the “Supplements to the Congress Papers“ 
Ale wages boi4ihs beyge gece elie a a eer 
the expense of printing congress papers at . . sy 5.000 

Total . . Francs. 30.800 
According to estimate, the following funds are | 


in hand: plo (ete he oS Riaiws 5.800 


There remains, therefore, for the covering of the 

expense of printing congress papers to the 

above extent, a deficit of: |). °.° >. 9 3 Francs 25,008 

The President, in the name of the Organising Com- 
mittee of Copenhagen, declared his willingness to provide 
the amount. 

The offer was accepted by the Meeting with the warmest 
expressions of gratitude, and the estimate therefore srt and 
passed as follows. 

Plan of Budget, Treasurer’s Department for the year 1909. 


ce ATT 


Receipts Fires, Ex pLnsee Fres. 
Credit carried on 1908 .| 2.259°80 | Salaries and office ex- 
| Supplementary Members | penses . . ~ 5 27) S99) ee 
Subscriptions for 1908] 1.100-— ]| Postage . - . 20. oa 400°— 
Members’ Subscriptions | Miscellaneous (Exbiane ce 
and Subventionsfor1909 | 14,000:-— differences, charges etc.) 500:-— 
Interest a e 70:— | Members’ tickets, cir- : os 
Profit from Ppicepedindee 500°— culars etc,. . . ss 500°— 
Subvention of the Copen- | Publication of “Pro- 
hagen Committee. . . | 25.000-— ceedings“ 


Minutes of the 
XVIlIth Council’s 
Meeting. ose 500 
Minutes of the 
XIXth Council’s . | 


Meeting . . | 200 
List of Members. . 12000 
Review Jan. 1th 1908 

— Congress . . 1.200 


Congress papers . 25.800 
Congress Minutes . 5.000 | 33.700°— 


Unforeseen Congress 


expenses. .,. \. 4) i: sna 269-80 
Total. . . | 42.929°80 Total. . . | 42.929-80 


| | 
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- At the request of the President, the two auditors, Messrs 
Cranfe/t and Bienfait, presented their report. They had found the 
books in order, and the outstanding balance shown of Fres. 2259:°80 
correct. The further expenses and receipts from January 1" up to the 
present day show a budget of 2246.04 Frcs. which sum is deposited. 
according to receipt produced, in the “Allgemeinen Depositenbank “ 
in Vienna. The discharge was accordingly given to the President. 

With regard to Mr. J. Jachzie/’s report upon the nomenclature 
of Bitumen, the following resolution was taken. Mr. Jachzie/, who 
is to lay the report of Professor Lunge (till recently president of 
Commission Nr. 34) before the Congress, has in his report differed 
considerably from the report of Professor Lunge. It was therefore 
decided to submit both reports to a fresh resolution of the 
Committee 34, and to beg Mr. Clifford Richardson, Long Island 
City, N. J., to undertake the presidency. Mr. Jachziel:-is to. be 
invited, to enter the Commission. 


Point 8. 
Propositions. 


With regard to the request of an American Member, that 
the conditions for life-membership might be settled, the Council 
decided, that they did not consider the present moment a suitable 
one for drawing up such a resolution as would require an alteration 
of the Statutes. The matter was deferred till a later period. 

Prof. Hannover points out an apparent error in the Methods 
of testing hydraulic cements recommended by the IV" Congress. 

The experiments made in the State Testing Laboratory at 
Copenhagen have proved that the quantity of 0°4 kilo of cement 
mentioned in § 3, p. 6 is usually too small to fill the conical metal 
vessel mentioned in €) so that any striking off of superfluous matter 
with the trowel is impossible. He asks if this fact has been 
observed by any other experimenter, and should there be any 
answer in the affirmative, he suggests a slight alteration of this 
method at the Copenhagen Congress by reducing the size of the 
vessel. 

Prof. Mesnager promises to examine into the matter.*) 


*) Since then Prof, Mesnager has confirmed the observations of Prof, 
Hannover. 
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Prof. Hannover states that the Testing Laboratory of the 
Danish Artillery has started the question whether Commission 39 
dealing with the problem of testing oils could not extend their 
studies to such oils and similar substances, such as vaseline in 
solid form, as may be employed as coating against rust on exposed 
polished surfaces of machinery. 

The Council commissioned the General Secretary to lay the 
letter in question before Commission 39, 

The order of day having been thus exhausted, the President 
thanked all those present for their active participation in the 
Meeting, and once again for their attending the same in such 
large numbers. 

Mr. Belelubsky proposed a vote of thanks from the gentlemen 
assembled to the President for his able and successful conduct of 
the Meeting. 

Close of the Meeting at 6 p. m. 


The Secretary: The President: 
Ernst Reitler. Alex. Foss. 
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besides the ”Proceedings’” of the XVIII*® Council’s 
Meeting dealing with the preparations for the Congress, 
only the programme of the Vth Congress in Copen- 
hagen and the list of promised reports to be read at 
the same. As both the programme and the list of 
reports, corrected and completed, are published in the 
report of the Congress itself (in Number 14 of the 


”Proceedings’’) the former number will not be reprinted. 
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REPORT ON PROGRESS MADE IN METALLO- 


GRAPHY FROM THE BRUSSELS CONGRESS 


oO UP TO THE COMMENCEMENT OF 1909. 


By Prof. E. Heyn, Gro8-Lichterfelde. 
Translated from the German by G. Lemmy, 


It has become customary to put before the International 
Association for Testing Materials, among other papers, a report 
dealing with the development of metallographical research and 
with its application to every day practice. 


Before entering into the subject on the present occasion, we 
have to record the loss which metallography has suffered through 
the death of G. Cartaud, the young and talented co-worker with 
our esteemed member Mr. Osmond. Unmerciful death removed 
him in September 1906 from a course of scientific work carried 
out by him and which contained the promise of further successful 
achievements. Cartaud had given to himself the task of ascer- 
taining more exactly the conditions which intervene in the passage 
of liquid bodies into the solid state. He put forward the possibi- 
lity that this transformation did not, of a necessity, lead imme- 
diately to crystallisation, but that in many cases, if not in all, 
there intervened an intermediate stage between the liquid and the 
solid states, which led to a cellular structure. Then only did 
crystallisation commence to develop. From this assumption, impor- 
tant deductions may be derived both from the scientific and the 
practical points of view. Osmond has undertaken to collect 
together -Cartaud’s researches in order to bring to a final con- 
clusion the work carried out -by the deceased. We may call 
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attention here to this work, viz: “The researches by G. Cartaud 
on the passage from the liquid to the solid state") “Rev” iviems 


4, 819; 1907. 

Metallographic research during the period under review has 
been mainly concerned with the following aims: 

a) The fixing the foundations of a Chemistry of intermetallic 
compounds, by determining the cooling curves of as large a 
number as possible of alloys, without regard to their practical 
utility. This object is that followed by Professor Tammann oy 


Gottingen. 

b) To further our knowledge of the iron-carbon system. The | 
formation of graphite. The components of hardened steel. 

c) To increase our knowledge of special steels ‘and other 
alloys directly utilisable in technology. 

d) The application of metallographic results to actual metall- 
urgical research work, especially to that relating to metals other 
than iron. The theory of the formation of matte and speiss. This 
domain is the one taken up by Professor Friedrich, of Freiberg. 


e) Improvement in metallographic research in its Special © 
bearing upon the testing of materials. Especially the devising of 
simple processes for controlling the treatment of metals and alloys 
(heat-treatment, hardening and tempering, degree of cold working 
and reheating, etc). This branch is dealt with specially by the” 
K6nigl. Materialpriifungsamt, Gro®B-Lichterfelde (Heyn and Bauer). 


At the present time, it is not a simple matter to issue a 
short report on the development of Metallography within a given 
period. Literature dealing with the subject has become so exten- 
sive, that in giving even short abstracts on the different classes 
of work carried out, discrimination has to be used, otherwise 
there would be practically no limits to this report. It may also 
occur that some work or other is overlooked, it being difficult to | 
trace everything in data which are divided over a large number | 
of publications. It is, moreover, difficult to draw hard and fast 
lines between metallography, metallurgy and the allied sciences. 

The work carried out has, therefore, been divided into the 
following main sections, and at the commencement of each section | 
comments of a general nature are made showing the aim the | 
author of the paper had in view. | 
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I. Researches for establishing the chemistry of inter- 
metallic compounds. 


G. Tammann has published in tabular form in the ,Zeit- 
schrift des Vereines Deutscher Ingenieure* 1908, page 1078, data 
from a series of researches carried out in his laboratory, in which 
are to be found all the alloys hitherto considered. The “Revue de 
Métallurgie“ refers also in detail to this work of Tammann, so 
that we may abstain from entering into consideration of the diffe- 
rent binary alloys investigated, especially as we shall refer, in 
chapters III and IV, to the more important among them from the 
technical point of view, 

Tammann tries, on the basis of the position of metals in 
the natural system of the elements, to establish rules as regards 
their faculty of mutually combining together. See on this subject: 
“Z. anorg. Chemie.“ 49; 1906: “On the capacity possessed by 
the elements of combining together“; also 55; 1907, under the 
same title. 


Il. The Iron and Carbon system. 
A. Conditions duving solidification. 


The first cooling curve dealing with the solidificaton of the 
iron-carbon system was given by Roberts-Austen in his classical 
Fourth Report to the Alloys Research Commission, Inst. of Mechanical 
Engineers. With reference to the starting point of the diagram, that 
is to say the position of the melting point of carbon-free iron, there 
had hithertho been some uncertainty, which induced Carpenter 
to take up this important question. He arrived at the result that 
the melting point of iron lies between 1505° and 1519° C. (“Iron and 
Steel Inst.“ 1908, Sept.; “The Freezing-Point of Iron“). At the 
same time Saklatwalla, in the course of his work in the Technical 
High School, Charlottenburg, arrived at 15109 C (“Iron and Steel 
Inst.“ II, 1908). 

The question of the separation of graphite from the iron- 
carbon system has evoked the most lively interest during the 
period under notice. The view according to which the system 
iron and graphite is reckoned as stable, and the white graphite-free 
iron as meta-stable, has established itself more and more. The view 
has therefore gained ground afresh which had been acknowledged 
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among practical metallurgists, even before the publication of Roberts- 
Austen’s diagram, but which had been partly shaken by the work 
carried out by Roberts-Austen in 1897, and more so by the later 
diagram. of Bakhuis-Roozeboom (1900), The theoretical work 
of Le Chatelier and the conclusive experiments by Charpy and 
Grenet (1902) showed that the previous view as to the stability 
of iron-graphite and the instability of white-iron deserved preference. 
This view, in fact, had been maintained in practical metallurgical 
circles. i 
Then Heyn proposed (1904), to represent the solidifying of 
iron-carbon alloys by a double diagram, one portion showing the 
meta-stable equilibrium of the graphite-free iron and the other 
part, the stable equilibrium of the iron-graphite alloy. The diagram 
was published in the “Zeitschrift fir Elektrochemie“ 1904 (“Stable 
and meta-stable equilibrium of iron-carbon alloys‘). Charpy one 
year later, and independently of Heyn, published a double diagram 
which, apart from a few unimportant deviations, corresponds with 
Heyn’s diagram. The Heyn-Charpy double diagram has the ad- 
vantage that it separates in a clearer manner the stable occurrences 
from the meta-stable, and gives in a simple way a clear survey 
of the whole conditions. For these reasons, it has been adopted 
by most specialists engaged in research work; there is, it is true, 
a tendency to use it under other appellations, and small changes 
of no fundamental importance have been made, the principle 
underlying the diagram being forgotten. There is also a tendency 
to trace back to certain individualities the opinion that the graphite- 
iron system is the more stable and the white iron the less stable, 
and this in the view of the author is hardly possible; at all events 
one does not go in this matter, and from the historical point of 
view, sufficiently far back into the past. 


Attempts have been made in various quarters, ee among 
others, by Charpy (see Literature list below, no 5) and by Bene- 
dicks (see no 1), to trace in the diagram the solubility of graphite 
in iron down to temperatures of 800° C. In doing this, Benedicks 
relies essentially upon the coincidence that exists between the per- 
centage of graphite which separates at a given temperature, accor- 
ding to researches. made by Charpy, and. the percentage of 
carbon absorbed in cementation according to work carried out by 
R. Mannesmann. Although no more doubt is entertained with regard | 
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to the solubility of graphite in iron, its quantitative determination, 
as fixed by Benedicks, does not as yet’ appear to me quite reliable, 
for there is room for chance in the matter. Consideration should 
be given to the question as to whether in the cementation process 
one has to deal with the iron-carbon system per se, and not 
rather with the three component system, viz: iron-carbon-nitrogen, 
in which other equilibrium relations intervene; and if this were 
solved, many points, still doubtful, would be cleared up, 

It is probable that those portions of the double diagram which 
relate to the solidification of the iron-graphite system. are in the 
main only exceptionally determinable, and that iron, even when 
high in silicon, first solidifies graphite-free, persisting therefore in 
the undercooled state. Undercooling is generally got rid of only 
immediately after freezing. Experimental illustrations on this. point 
have been put forward by Heyn and Bauer (see no 19). eihey 
chilled iron-carbon melts at various temperatures above and below 
the freezing point and ascertained the percentage of graphite in 
mem; later on, Goerens and Gutowsky (see no 8) made 
experiments in the same direction and by exactly the same method, 
Which led to the same results, | | 

_ The works which deal with the freezing of the iron-carbon 
system are the following, arranged alphabetically according to the 
authors names: . 


1. Benedicks: “On the state of equilibrium and the freezing 
of iron-carbon alloys*. “Metallurgie“ 3, 393, 425, 466; 1906. 

2. Benedicks: “On the solubility of graphite in. iron“. 
_ “Metallurgie“ 5, 41; 1908. 

8. Charpy: “On the identity of graphite and temper-carbon 
in cast-iron“. ,Rev. Métallurgie“ 5, 75; 1908. | 

ea Charpy: “On, the solubility of pasha iy ifonr, Ssame 
review 5, 77; 1908. 
: =O, Rainy: “On iron and carbon alloys". “Proceedings of 
the Soc. Chimique de France“, 1908. ay 

6. Gahl: “Information on the graphite separation’in iron- 
carbon melts with high oe of carbon‘. “Stahl und Eisen“ 
225; 1908. a 

poet Oerens: “On: the present E aaeipnint of our knowledge 
as regards freezing and conversion phenomena in the case. of iron- 
carbon alloys“. “Metallurgie“ 3, 175; 1906 and 4, 137; 1907. 
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8. Goerens and Gutowsky: “Experimental researches on 
the freezing and fusion phenomena of cast-iron“. “ Metallurgie* 5 
137; 1908. 

9. Goerens and Stadeler: “On the influence of chromium 
on the capacity of iron for dissolving carbon, and on the graphite 
formation“. “Metallurgie* 4, 18; 1907. 

10. Gutowsky: “Experimental research on the freezing and 
fusion phenomena of technical cast-iron (phosphoric cast-iron“). 
“Metallurgie* 5, 463; 1908. . 

11. Heyn: “Metallographic researches for foundry practice*. 
“Stahl und Eisen’ 1295 and 1386; 1906. 

12. Heyn and Bauer: “On the metallography of cast-iron“. 
“Stahl und Eisen“ 1568 and 1621; 1907 

18. Howe: “The carbon-iron diagram“. “Trans. Amer. Inst. 
Min. Eng.“ 1908. 

14. Portevin: “Present position of the theories on the 
equilibrium curve of the iron-carbon system‘. “Rev. Meétallurgie“ 
4, 993; 1907 and 5, 24; 1908. 

15. Sauveur: “The constitution of iron-carbon alloys*. 
“Journ. [ron and Steel Institute“ 1906, IV, 493. 

16. Thomas Turner: “Volume and Temperature changes 
during the cooling of cast-iron“. “Journ. Iron and Steel Institute“ 
1906, I, 48. 

17. Wust: “On the dependence of the separation of graphite 
upon the presence of foreign elements in cast-iron“. “Metallurgie“ 
3, 169; 1906. 

18. Wust: “Contribution to the theory of graphite formation“. 
“Metallurgie* 3, 757; 1906. | 

19. Wtist and Petersen: “Note on the influence of silicon 
on the iron-carbon system“. “Metallurgie“ 3, 811; 1906. 

20. Wedding and Cremer: “Chemical and Metallographical 
research on chilled cast iron“. “Stahl und Eisen“ 1907, 883 
and 866. . 

An important work, which, although it does not directly 
belong to this group, may offer a valuable foundation for further 
researches is: athe 

21. Le Chatelier and Wologdin: “On the density of 
graphite“. “Rev. Métallurgie“ 5, 140; 1908. 
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B. On the conduct of the iron-carbon system after freezing. 
Thermal and Mechanical treatment. 


With regard to the ascertaining of the critical points A, and 
A, in iron by measuring the electrical resistance, this is dealt 
with in a publication by Osmond: “Fournel’s researches and the 
lower limit of point Aj“. “Rev. Métallurgie* 3, 551; 1906. 


During the period under review, the question as to the 
nature of the constituents Troostite, Sorbite and Austenite has 
been dealt with in detail, As having worked on the former 
question, may be mentioned: Heyn and Bauer “On the internal 
structure of hardened and tempered tool-steel*. “Mitteilungen des Kgl. 
Materialpriifungsamt*, Grof-Lichterfelde, 1906; page 29. See also 
Osmond: “The researches of Prof. Heyn on the hardening and 
tempering of steel, Results and Deductions“. “Rev. Métallurgie“ 3, 
621; 1906. Howe: “A new iron-carbon phase, Osmondite“. 
“Electrochem. and Met. Industry“ 5 no 9; page 347. 


From the work of Heyn and Bauer, the following is derived, 
on the basis of solubility researches and of a series of physical 
constants obtained by Barus and Strouhal on hardened and 
tempered steel using eutectic steel with about 1 per cent carbon. 


The transition from hardened steel (Martensite), to annealed 
steel (Pearlite) does not take place directly, but through a well- 
defined meta-stable intermediate form, which, with a view to 
honour Osmond, was called Osmondite and which marks the 
limit between Troostite and Sorbite. On tempering, Martensite first 
changes into Troostite which on the temperature increasing, ap- 
proaches the Osmondite constituent (at a tempering heat of about 
400° C.) On the tempering heat further increasing there occurs a 
transition from Osmondite to Sorbite and finally into Pearlite. 
Osmondite is characterised by a very great solubility in dilute 
sulphuric acid, and, further, by acquiring a very dark tint on 
etching with alcoholic hydrochloric acid (1 per cent). On _ the 
other hand, Troostite emits, on dissolving out of contact with the air 
in a ten per cent sulphuric acid solution, gaseous carburetted 
hydrogen, the carbon of wich is styled Cy, there remaining besides 
a residue whose percentage of carbon is insoluble in hot concentrated 
hydrochloric acid, and which is styled Cs. This residue cannot be 
carbide as this dissolves completely in hot, concentrated, hydrochloric 
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acid, emitting carburetted hydrogen gas. Therefore the form of 
carbon contained in Troostite is different from the carbide carbon C,. 
The carbide which is characterised by the fact that it is insoluble 
in a 10 per cent solution of sulphuric acid out of contact with the 
air, but is soluble in hot, concentrated, hydrochloric acid, first makes 
its appearance on tempering at about 400° C., therefore as the structure 
approaches Osmondite, after which it increases very rapidly with 
the increase in the tempering temperature. The amount of Cs augments 
from Martensite to Osmondite, subsequently decreasing. 


The second result of the work in question is that each 
quenching is equivalent in its effect to an ideal under-cooling of 
steel down to pure Martensite, together with a subsequent more 
or less energetic tempering. The extent of the latter depends upon 
the speed of quenching. This explains the occurrence of Troostite 
and Osmondite in quenched steel and that of Sorbite in annealed, — 
but comparatively rapidly cooled steels. If the pure Martensite 
be designed as steel of tempering degree 0, giving to annealed 
steel the tempering degree 1, every annealing temperature would 
correspond to a tempering degree lying between 0 and 1. A quenched 
steel does not always require to have the tempering degree 0; its 
tempering degree, according to the speed of cooling, may be 
nearer 1, even when an intended tempering has not taken place 
at all. | 

In his work entitled: “Experimental reseatches on the cooling — 
power of liquids; on quenching velocities“; “Iron and Steel Institute~ 
II, 153, 1908, Benedicks maintains his former hypothesis to the 
effect that Troostite is a colloidal solution of cementite in iron, 
therefore a Pearlite with ultra-microscopically separated particles 
of Cementite. He endeavours to bring in harmony with his hypothesis 
the observations made by Heyn and Bauer. 

At the meting of the Iron and Steel Institute last May Heyn 
and Bauer read a paper on the influence of the prior treatment 
of steel on its solubility with respect to sulphuric acid; and the 
possibility, from the observed solubility, of drawing conclusions 
regarding the prior treatment of the material. In this paper the authors 
again return to the above question and emphasise the point that the 
hypothesis of Benedicks — as every other hypothesis — is acceptable, 
provided that it will prove its fertility. From experiments made as 
to the emission of heat during the tempering of hardened steel, the 
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authors showed that the main quantity of heat is actually freed up 
to 400° C. From this it can be concluded'that up to 400° C., there- 
fore during the conversion of Martensite through Troostite to 
Osmondite, one or more X bodies separate. The quantity of heat 
set free on the transformation from Osmondite to Pearlite can only 
be small. It is not possible to say anything in regard to the nature 


| of this X body. There is, above all, nov’'proof at hand ‘that it is 


cementite. On the contrary, the behaviour ‘of Troostite and Osmondite 
— both of which must contain the X. bodies — with respect to 
the ten per cent solution of ‘sulphuric “acid out of contact with 
the air and to the after treatment of the residue obtained with hot 
concentrated hydrochloric acid, speaks against this.’ For as above 
remarked, Troostite and Osmondite yield Cy and Cy but no Cg: 
There appeared in “Rev. de Métallurgie*, 5, 711; 1908, a 
paper by E. Maurer, “Experiments on the quenching and annealing 


of Iron and Steel“. Maurer finds, among other points, that the 


specific gravity of quenched and tempered: steel in the vicinity of 
QOsmondite shows a maximum, so that on the conversion: from 


- Martensite to Osmondite, through Troostite,; a decrease in volume 


takes place, while the change over from Osmondite.to Pearlite is 


accompanied: by expansion. Further, Maurer establishes a 


remarkable irregularity in the curves of residual magnetism as 
dependent on the tempering temperature, in the neighbourhood of 
Osmondite. It is in this respect that opportunity is afforded the 


_Benedicks hypothesis to show its fertility by explaining the point. 


Heyn and Bauer mention in their paper to the Iron 


and Steel Institute that even with a very low carbon ‘steel a 
dissolution curve quite similar to that with eutectic steel is obtained 
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on quenching and on tempering at rising temperatures. Here also 
a distinct maximum of solubility in the proximity to Osmondite is 


apparent at a temperature somewhat below 400° C. From this it 


May be asked what action does allotropy of iron play in tempering? 


It is not simply a question concerning the X body which 
Separates up to the formation of Osmondite, but also as to what 
takes place in the remaining mass in which X is embedded. There 


appears to be here another field open for research, and one must 
not be Satisfied with Benedicks’ hypothesis until all doubt is set 
aside as to whether there can intervene no meta-stable intermediate 


Phases between Martensite and Pearlite. For the present there is 
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much justification for doubt. There are more facts which speak 
in favour of the existence of such meta-stable intermediate phases, 
than_to the contrary. Finally, stress must be laid upon the fact 
that the conversion from an unstable equilibrium to a stable one 
takes place in the majority of cases through a meta-stable one. 
The view taken by Heyn and Bauer includes therefore more 
facts than are covered by, that of Benedicks. ~ : 
In the paper above referred to, Benedicks describes very 
interesting discoveries as to the nature of Austenite. From these, 
it appears that Austenite can only remain as such during quen- 
ching, if sufficient pressure is available. For this reason, Austenite 
does not come to the surface of hardened steel, but occurs inter- 
nally. Benedicks adds an experiment in which after grinding the 
outside surface of hardened steel by which operation the pressure 
on the remaining portion is relieved, the Austenite previously con- 
tained in is converted into Martensite. | 


Maurer also has gone fully into the question of Austenite 
in his work already mentioned. He has found that the presence 
of manganese in the steel promotes the maintenance of Austenite 
on quenching. In steel having a very low percentage of man- 
ganese, Austenite is converted into Troostite at from 150° C. to 
250° C. on tempering. 

Benedicks has also carried out valuable experiments on 
the quenching velocity of steel in different liquids. He has come 
to the conclusion that the cooling capacity of a liquid is to a great 
extent conditional upon 1% a high heat of vaporisation; and 24 
so low a temperature that the steam-bubbles formed on the top 
of the surface of the metal can easily be condensed by the sur- 
rounding liquid. The speed at which the liquid moves exerts but 
little influence. Reference can be made to his paper for further 
very interesting data. 

Work on hardened -steel has been carried out by Breuil: 
“Researches on the constituents of hardened steel“. (“Bullet. de la 
Soc. de I’Ind. Min.“ 6; 1907 and by Kurbatow: “Contribution to 
the metallographic study of hardened steels.“ (Rev. Métallurgie 5, 704; 
1908). 

Campbell gives a series of valuable papers on the influence — 
of thermic treatment on steel. (Metallurgie, 3, 741, 781; 1906 ang | 
4, 772, 881; 1907.) 
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In their work above referred to on: “The relation of the 
solubility of iron and Steel in sulphuric acid to its heat treatment“, 
Heyn and Bauer indicate the field in which quantitative research 
with "/49) dilute sulphuric acid can be applied. The solubility of 
steel arrived at by measuring the loss in weight is a function of the 
pre-treatment and affords evidence as to the following matters: 


a) The ascertaining of the degree of tempering of hardened, or 
_ of hardened and tempered steels; 


| b) The ascertaining of the temperature at which tungsten- 
_ chrome steel has been quenchéd. The solubility test affords in this 
quality of steel (which belongs to the high-speed steel class), better 
information than micrography. 


c) The ascertaining of the degree of cold working which 
steel has undergone. In this, the solubility of the metal is of 
extraordinary efficient service. By its means it is possible to find 
out whether a steel has received permanent stretch or com 
pression at ordinary temperatures, even when the extent of such 
permanent set amounts to only 2°/,. This is of importance when 
one considers the frequently recurring question as to whether a 
_ part of a structure has been tasked beyond the limit. 


d) The ascertaining of the temperature up to which a steel 
worked in the cold has been reheated. 


Ill. fron and manganese alloys. 


1. Special classes of steel: The study of these has also 
made much progress during the time under review, owing to the 
_ extensive and interesting work carried out by Guillet: “Quarter- 


| nary steels“, “Iron and Steel Inst.“ II, 1; 1906. — “Nickel-Chrome- 
\eatec!*, “Rev. Mét.“ 3, 462; 1906. — “Nickel-Silicon-Steel“, same 
“Review, p. 621. — “Chrome-Tungsten-Steel“, “Rev. Mét.“ 4, 5; 
1907. — “Vanadium-Steel“, same “Review“, p. 775. — “Boron- 
_ Steels“, same “Review“, p. 784. — “Chrome-Steel“, same “Review, 
ps 1025. 
Amongst other work may be mentioned: “Copper-Steels“, by 
Breuil, “Iron and Steel Inst.“ II, 1; 1907. — “Tungsten-Steels“, 


by Swinden, same “Proceedings“ I, 291; 1907. 
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2. Iron ‘and Sulphur: Treitschke and Tammann. 
,»Z. anorg. Chem.“ 49, 320; 1906: There exists but a limited 
solubility between iron and iron-sulphide in the liquid state. Mixed 
crystals with a small percentage of the second body separate out 
both on the side of the iron and on that of the sulphide. We get 
the eutectic with 85°/, FeS and 15 Fe, and at a temperature of 
970° C. The temperature of conversion of the Gamma iron into 
Beta iron is lowered by the presence of iron-sulphide. With about 
10 per cent FeS the the transformation of Gamma to Beta iron coin- 
cides with that of Beta to Alpha iron. At 128°C. the iron sul- 
phide it selfundergoes a transformation accompanied by a large 
increase in volume. 

A valuable extension of. the shew work is afforded by 
Levy’s researches: “Iron,.Carbon and Sulphur‘, “Iron and Steel 
Institute“ II, 1908. : | 

3. Iron and Phosphorus: A thorough study ‘of this has 
been given by Saklatwalla (Doctorate work), Berlin Technical 
High School; also published in “Iron and Steel Institute“ H, 92; 
1908. Two combinations are pointed out, Fe,P and Fe,P. Up to 
1,7 phosphorus (see Stead: “Iron and Steel Institute* Sept. 1900), 
there exist mixed crystals; from that point downwards the mixed 
crystals form with Fe,P and Fe,P a freezing diagram with an 
eutectic at 1000° C. containing 10.2 per cent of phosphorus. The 
system Fe,P and Fe oP also forms an eutectic at 16.2 per cent 
phosphorus and 960° C. 

Gercke (“Metallurgie* 5, 604; 1908) removes a few dis- 
crepancies which occur in Saklatwalla’s diagram.’ He finds the _ 
eutectic of mixed crystals and the combination FegP (10.2 per cent P) 
at 980° C., instead of 1000° C., and explains the irregularities in 
the course of Saklatwalla’s étiect line by the phenomenss of 
undercooling. en 

Iron, Carbon and Dhl rteatne This. system is is studied by : 
Wiust, “Metallurgie* 5, 73; 1908. He found the three component 
eutectic at 950° C, with composition corresponding to 2 per cent 
carbon, 6.7 per cent phosphorus and 91.3 per cent iron. Goerens 
and Dobblestein have also published papers on the same system. 
“Metallurgie“ 5, 561; 1908. 

4. Iron, Carbon and Silicon, In extension of the work | 
by Guertler and Tammann on iron and silicon (,Z. anorg. 
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Chem.“ 47, 163; 1905), Gontermann .has studied more closely 
the Fe+C-+Si. System (,Z. anorg. Chem.“ 59, 373; 1908)... His 
work cannot be given in abstract and reference must be had to 
it direct. 
5. Iron and Chromium. Treitschke and Tammann. 
,Z. anorg. Chem.“ 55, 402; 1907.. 
6. Iron and .Copper.. Sahmen. ,Z, anorg. Chem.“ 5%, 
9; 1908. 
7%. Iron and Molybdenum. Lautsch and Tammann. 
,Z. anorg..Chem.“ 55, 386; 1907. The conditions which rule in 
this important system have not been made clear, so far, to a suf- 
ficient extent to permit of a brief exposition. 
8. Iron and Tantallum. Guillet. “Comptes-rendus* 149, 
3827; 1907. . 
_ 9. Iron and Vanadium. Ptitz. “Metallurgie* 3, 635; 1906. 
10. Iron. and Tungsten. Harkort. “Metallurgie* 4, 617, 
bad, 6, 73; 1907. 
11. Iron and Zinc. Wologdin. “Rev. Mét.“ 3, 701; 1906. 
12. Manganese and Carbon. Stadeler. “Metallurgie“ 5, 
260; 1908. 
18. Manganese and Silicon. Doernickel. ,Z. anorg. Chem. “ 
50, 117; 1906. The combinations Mn,Si and MnSi are derived 
from the fusion curve. 


IV. Alloys of metals, apart from iron, important in 
3 technology. 


Guillet has published a very complete work in the “Rev. 
Mét.“ 3, 155; 1906 entitled: “Later researches on industrial alloys 
and their importance“, also in the same review, 3, 243; 1906: 
,General survey of the special brasses‘; and still in the same review, 
4, 622; 1907: “Researches on the constitution of copper alloys”. 


A. Copper Alloys. 

1. Copper and aluminium. The eighth report of the 
Alloys Commission, Institute of Mechanical Engineers, by Car- 
penter and Edwards (“Proc. Inst. Mech. Eng.“ 1907, p. 57) deals 
with this series of alloys. The work is thorough in every respect, 
its contents form a most valuable addition to.our metallographical 
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and metallurgical knowledge. One notices in it the efforts made 
by the authors to make their research complete from start to finish, 
a point on which emphasis should be laid, as the same cannot 
be said of various other workers in the domain of metallography. 

2. Copper and Manganese. Wologdin. “Rev. Met.* 4 
25: 1907. Sahnen. “Z. anorg. .Chem.*'54, (20; 19038) 

8. Copper and Magnesium. Sahnen. *Z, anorg. Chem.“ 
Die e20, L908, 

4. Copper and Nickel. Guertler and Tamman. “Z. anorg. 
Chem.“ 52, 25; 1907. Kurnakow and Zemczuzny. “Z. anorg. 
Chem.“ 54, 149; 1907. 

5. Copper, Nickel and Zinc. Tafel. “Metallurgie* im 
343; 1908. 

6. Copper and Phosphorus. Heyn and Bauer. “Mitt 
Kel. Materialprufungsamt*, Grof-Lichterfelde, 1907, 6th issue. 

7. Copper and Sulphur. Heyn and Bauer. “Metallurgie* 
eeio. 1 206. 

8. Copper, Sulphur, Selenium and Tellurium. Hinrich- 
sen and Bauer. “Mitt. Kgl. Materialprufungsamt*, Grof-Lichterfelde, 
1907, 6th issue. A theoretical explanation is added to the description 
of the very delicate qualitative identification of sulphur, selenium 
and tellurium in copper alloys in the work (no 7). 

9. Copper and Tellurium. Chiskashige. “Z. anorg. Chem.* | 
54, 50; 1907. 

10. Copper and Silicon. Rudolfi. “Z. anorg. Chem.* Oa 
916:1907. Philips. “Metallurgie“ 4, 587; 1907. Guertler. “Metall- 
urgie“ 5, 185; 1908. 

11. Copper and Selenium. Friedrich’ and) -Leroug 
“Metallurgie* 5, 355; 1908. 

12. Copper and Bismuth. Jeriomin. “Z. anorg. Chem 
55, 412; 1907. 


B. Aluminium Alloys. 


13. Aluminium and Magnesium. Longuinine and Shu- 
kareff. “Rev. Mét.“ 3, 48; 1906. 


C. Nickel Alloys. 


14. Nickel and Carbon. Wilms. (Doctorate work.) Techn. 
High School Berlin. 
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D. Lead Alloys. 
15. Lead and Antimony. Gontermann. “Z. anorg. Chem.“ 
55, 419; 1907. | 
16. Lead, Magnesium and Tin. Vegesack. “Z. anorg. 


Chem.“ 54, 367; 1907. 
17. Lead and Tin. Rosenhain and Tucker. “Trans. Roy. 


Soc. London‘ A. 209, 89; 1908. This work offers special interest 
by the detection of a transformation below the eutectic temperature 
which had escaped former observers. 


E. Metals and Gases. 


18. On the occlusion and diffusion of gases in metals: 


Sieverts’ paper on his appointment as lecturer, Leipzig. 1907. 


V. Metallographical Investigation of Phenomena in the 
Manufacture of Metals other than Iron. Matte and Speiss. 


Most of the researches published under this heading proceed 
from Prof. Friedrichs’s Laboratory, School of Mines, Freiberg 


(Saxony). The following is a list of some of these publications: 


1. Lead and Arsenic. Friedrich. “Metallurgie“ 3, 41; 1906 

2. Silverand Arsenic. Friedrich and Leroux “Metallurgie“ 
*, 192; 1906. 

3. Silver and Silver-sulphide. Friedrich and Leroux. 
*“Met.“ 3, 361; 1906. 

4. Lead and Silver. Friedrich. “Metallurgie“ 3, 396; 1906. 

5. Zinc and Arsenic. Friedrich and Leroux. “Met.* 3, 


| 477; 1906. 


6. “Concerning the Copper-Matte*. Rontgen. “Met.* 3, 
479; 1906. 

7. Lead matte. Weidmann. “Metallurgie* 3, 660; 1906. 

8. Iron and Arsenic. Friedrich. “Metallurgie* 4, 129; 1907. 

9. Nickel and Arsenic. Friedrich. “Metallurgie* 4, 200; 


1907. 


10. Copper, Silver, Lead. Friedrich and Leroux. “Met.“ 
4, 293; 1907. 

11.The fusion curves ofthe binarysystem,leadsulphide- 
magnetic pyrite and lead suphide-silver sulphide. Friedrich. 


“Metallurgie“ 4, 479; 1907. 
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12. The fusion curves of the binary systems, silver 
sulphide-copper sulphide and lead sulphide- copper sul- 
phide. Friedrich. “Metallurgie* 4, 671; 1907. 

138. The fusion curves of the Nickel- sulphide. com- 
pounds. Bornemann. “Metallurgie* 5, 13; 1908, 

14. Contribution, to -the knowledge ofsthe metallic 
sulphides PbS, Cu,S, Ag,s, Fes. Friedrich. “Metallurgie* 5, 
93 and 50; 1908. ) | 

15. On the constition of Nickel-Matt. Bornemanm 
“Metallurgie* 5, 61; 1908. | | 

16. Zincblende as a matte .constituent. Friedmaam 
“Metallurgie* 5, 114, 1908. 

17. On the fusion curves of the binary System 
platinum-arsenic and bismuth-arsenic, Friedrich and Leroux. 
“Metallurgie* 5, 150; 1908. 

18. Fusion curve ofthe cobalt-arsenic alloys. Friedrich. 
“Metallurgie“ 5, 150; 1908. 

19. an curve ofthe cobalt-sulphur alloys. Friedrich. 
“Metallurgie* 5, 212; 1908. 

20. New researches on the fusion curve of the copper 
arsenic alloys and the electrical conductivity resistance 
of copper containing arsenic. Friedrich. “Metallurgie“ D, 
529; 1908. 

21, The smelting of: copper ores in Share furnace 
Baikow. “Mitt. des Petersburger Polyt. Inst.“ 9; 1908. 


VI. General data on the phase theory, equilibrium dia- 
grams, physico-chemical methods in aid of metallography. 
Crystallography. 


A. Crystallography. 

1. In the first place reference should be made to a research | 
by Osmond and Cartaud: “The crystallography of iron“. “Iron | 
and Steel Institute“ II. 522. 1906. In this the various phases in the 
deformation of iron crystals are completely investigated. 

2. “Deformation and fracture in iron and_ steel*. 
Rosenhain. “Iron and Steel Institute“ H. 189; 1906. | 
3. “Crystallisation and Structure of steel*. Baikow. 
“Mitt. des Petersburger Polyt. Inst.“ 8, 289; 1907: | 
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B.- Hardness. 


4. “The Hardness-of the constituents of ironand steet™: 
Boynton. “Iron and Steel Inst.“ I. 287; 1906. 


do. “Hardness of metallic solid solutions and of certain 
chemical combinations‘: Kurnakow and Zemczuzny. “Z. 
anorg. Chem.“ 60, 1; 1908. | 


C. Expansion through heat; specific heat; heat of fusion. 


6. “The heating -of copper with special reference, 10 
expansion*. Turner and Levy. “Proc. Roy. Soc. London“ A. 
80; 1907. | | oa 

t. “Specific heat of the iron carbon alloys‘. Ober- 
hoffer and Meuthen. “Metallurgie“ 5, 173; 1908. 


8. “The latent heat of fusion of pure fUOU ae otisker. 
*Metallurgie* 5, 183; 1908. 


9. “On the quantity of heat of epee systems“, 
Tammann. “Z. phys. Chem.“ 64, 357; 1908. 


D. Fusion and transformation curves. 


10. “On the variation in the melting point of eutectic 
mixtures“. Benedicks and Arpi. “Metallurgie“ 4, 416; 1907. 


mee One the formiof the: fusion» curves “in binary 


systems and on the dissociation of compounds in equi- 


librium, etc.“ Ruer. “Z. phys. Chem.“ 59, 1; 1907 and also 


_ 64, 357; 1908. To the three types of Bakhuis-Roozeboom having 
complete mutual solubility in the liquid and solid state, a fourth 


type is added, which, like types Il and Ill has a horizontal tan- 
gent in the concentration-temperature diagram, but no minimum 
or maximum. According to the author, the systems Bromine- 


Iodine and Magnesium-Cadmium belong to this type. Further; 


the author points out, on the basis of thermo-dynamic observa- 


_ tions, that in binary systems of components able to form chemical 


combinations, the fusion curve does not give a point but a rounding 
off in the regions corresponding to the separation of a compound. 


| Laar-is opponent of the manner in which Ruer endeavours to 
_ give the proof of this. phenomenon. “Z. phys. ‘Chem.* 66, 197; 


1909. Fusion curves. of binary ‘systems: 
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12. ,Researches on -binary.°and ternary alloyoume 
lead, tin, bismuth and cadmium.“ Stoffel. “Z. anorg. Chem.“ 
DSAMOGN LOOT! |. 

13. “Remarks on recalescence curves“, Rosenhain. 
“Proc, Phys. Soc. London“ 21; 1908. 

| 14. “On the methods for determining cooling curves‘. 
Burgess. ,Bull. Bureau of Standards“ 6; 1908. 


E. Electromotive force. Conductivity. 


15. “Potential and nature of metallic alloys*. Pushin. 
Petersburg. 1906. 

16. “The electromotive force of alloys*. Pushin, “Rey 
Mét.“ 4, 926; 1907. 

17. “On the electric conductivity of alloys“. 1. “Con- 
nection between conductivity and constitution”. 2. “Con- 
nection between constitution and the temperature co- 
efficient of conductivity*. Guertler. “Z. anorg. Chem "sam 
397; 1906 and 54, 58; 1907. 

18. “Remarks on Matthiessen’s law concerning the 
temperature coefficient of electric conductivity in ais 
tallic alloys*. Guertler. “Physikalische Zeitschrift* 9, 29; 1907. 

19. “On the electric conductivity of alloys and their 
temperature coefficients*. Guertler. “Physikalische Zeitschr.“ 
9, 404; 1908. 

20. “On the electric conductivity of alloys and their 
temperature coefficients*. Rudolfi. “Physikalische Zeitschrift® 
9198; 1908. 


VII. Accessories for metallographic work. 


A. Etching reagents. 


1. “Rapidity of attack by metallographic reagents‘. 
Lejeune. “Rev. Métallurgie* 3, 426; 1906. 

2. “Etching reagents for the metallographic study 
of steel“. Kurbatow. “Rev. Métallurgie* 3, 648; 1906. 


B. Optics. Photography. 


3. “On an apparatus for ascertaining and measuring © 
optical anisotropy of opaque substances and its use®%. — 
Konigsberger. ,Zentralblatt fur Mineralogie etc.“ 1908, p. 560. 
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4. “Microscopy in ultra-violet rays“. “Short con- 
tributions on metallographical and metallurgical sub- 
jects“. Friedrich. “Metallurgie* 5, 593; 1908. 
5. “Colour photography in metallography*. Révillon 
and Beauverie. “Rev. Métallurgie“ 5, 885; 1908. 


6. “On the application of Lumiére colour photo- 
graphy to metallography“. Goerens. “Metallurgie“ 5, 19; 1908. 


C. Apparatus for determining the melting point and point of 
arrest. 
7. “Remarks on the use of the differential galvano- 
meter“. Portevin. “Rev, Métallurgie“ 5, 295; 1908. 
8. “Recording pyrometer with fixed photographic 
plate“. Wologdin. “Rev. Métallurgie* 4, 552; 1907. 


D. Furnaces, 

9. “A double-muffle-gas-assay furnace for studying 
the heat treatment of steel”. Howe. “Proc. Amer. Soc. Test. 
Materials“ 6, 202; 1906. 

10. “On a gas crucible furnace for metallographic 
researches“, Friedrich. “Metallurgie“ 3, 206; 1906. 


Vill, Application of metallography to practical industry. 
It is now fully admitted that metallographical research has 
become absolutely necessary in the matter of testing materials, and 
metallographic processes have found their way into the laboratories 
attached to metallurgical works. The writer is not informed as to 
the conditions which rule on this point outside of Germany. As 
regards Germany, it may be observed that apart from the private 
individuals who have been instructed in the Ké6nigl. Material- 
_ prufungsamt there have been, counting from 1904 only, 
31 students sent by large works, 


11 ™ vie 4 nigh schaals, 
2 : aati we, other schools, 
i! o » » a testing etablishment. 


From this statement an opinion can be formed as to the 
interest which has been excited in industrial and other practical 
_ Circles, especially when it is remembered that instruction in this 

branch has now been given for some considerable time at five 
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high schools, the Materialprufungsamt only affording short periods 
of instruction to ‘engineers in case of necessity, teaching not being 
one of its special functions. 


Among the papers dealing specially with’ the application of 


metallography to practical work, may be stated: 

Le Chatelier. “The practical application of metalloe Tapa 
»Rev. Métallurgie“*, Sept. 1906. 

Hoitsema. “Metallography as an aid in detecting base coins“. 
“Metallurgie“ 3, 128; 1906. a 

Heyn. “Data-on metallographic Srncneet “Stahl und Bisen* 
1906, Nr. 1. 

evn: “On the application of. metallography in tthe iron 
industry“. “Stahl und Eisen“ 1906, Nr. 10. 

Heyn. “Metallographical research in foundry work“. “Stahl 
lind Eisen“ 1906, Nr: 21 and 22. ‘ 

Heyn. “Report on etching methodes for macroscopical 
research into the texture of malleable iron, and the results derived 


therefrom‘. ,.Mitt. Konig. Materialpriifungsamt“, Grof-Lichterfelde 


1906, p. 253. 


| Bannister. “The relation between type of fracture and the 
microstructure of steel test pieces“. Iron and Steel Inst. 1906, I. 161. 
Guillet. “The utilisation of microscopic metallography in 


practical work“. “Génie Civil‘, June 1907. 


Sauveur. “The application of metallography ‘to foundry 


practice*. “Foundry“ Jan. and April 1907. — 


Heyn. “On permanent strains due to cooling*. “Stahl und 


Eisen*, Sept: 1907. 


Boyer. “Microscopic metallography and its employment in 


French Industries“. “Engineering Magazine* 1909, p. 664: 


IX. Text books on metallography. 


An excellent book, which will be found specially valuable 


by all who desire to study the states of equilibrium of metal 
solutions, is that by Ruer: entitled “Metallographie in elemen- 
tarer Darstellung“, Leipzig und Hamburg, Leopold Voss, 1907. 

An elementary work on Metallography, its Processes and 
Applications has been written by Heyn and Bauer, and is 
published at the Goschensche Tae ce 19089 
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SPECIAL. STEEDS, 
By Léon Guillet, Paris. 


Translated f-om the French by Dr, H. Borns, London, 


Since the last Congress, held at Brussels, the manufacture 
of special steels has made interesting progress and has taken a 
perfectly definite course which it may be instructive to indicate. 

It is the actual tendencies which we wish to discuss briefly. 

We may remark at the outset that, if we class steels accor- 
ding to their structure, as we have done in the memoir presented 
to the last Congress, we see that at present perlitic steels (those 
Which display the same structure as ordinary carbon steels) are 
almost the only ones which are used as materials of construction. 

It is certain in fact, that the polyhedric steels (gamma iron- 
steels containing much nickel and manganese) are losing every 
day in commercial importance, on account both of their high 
‘price and of their low elastic limit. They are indeed hardly 
applied except in very particular cases, when their high resistance 
to oxidation, their capability of withstanding the temperatures of 
_ Superheated steam, or finally the expansion coefficients charac- 
teristic of some of them are to be utilised. But their application 
in mechanical construction, on which certain metallurgists placed 
great hopes, has not become general. 

The Hadfield steel always finds interesting appreciation in 
cases, where high resistance to shocks and to wear must be allied. 

Disregarding tool steels and steels for balls and ball-bearings 
of carbide structure we only find one industrial kind of steel now: 
the perlitic steels. 

Let us enquire into the actual tendencies in the manufacture 
of these products. 
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The special perlitic steels, approximately arranged as to their 
importance, are: 

The nickel steels and the nickel-chrome steels. 

The vanadium steels, with or without nickel and chromium. 

The silicon steels (often called mangano-silicon steels.) — 

Finally, more rarely, the tungsten steels. 


Whichever steels may be considered, the actual tendencies 
are the following: 


1. Raising the mechanical strengths, such as we are accus- 
tomed to define them; in this respect the introduction of vanadium 
is especially to be mentioned, but it is little utilised in Europe, 


2. The simplification of the thermal treatment. ; 
3. The creation of special types for parts exposed to friction. 


In attempting to raise the mechanical strength, that is to say, 
to produce steels characterised by the highest breaking strength and 
the highest elastic limit without being too fragile, we have been led 
to the production of more and more complex steels, containing 
often three elements which are foreign to ordinary steel. We have 
in this question to distinguish two important points: 


The steels which give interesting values, when rough forged 
or better when annealed, suffer from a grave disadvantage; if they 
possess high elastic limits, they are very difficult to machine. 


Those steels on the contrary which, in the annealed con- | 
dition, have medium mechanical strength and which, by an appro- | 
riate, sometimes very simple thermal treatment, can be trans | 
formed into high-strength steels, offer a very great interest because 
worked in the annealed state, they do not require more than a 
tempering after the treatment. 

Let us look at the extreme values which we can obtain. 

Some time ago I described a nickel-silicon steel which gave | 
extraordinary values. The composition was: 

C = 0221, Ni = 12:00, Si = 1:78, Mn = 0:112; S = 001 
P = 0:005. ; 

Annealed at 900° it yielded the following figures: R1)=1700, | 
E?) = 141'1, A’) percent = 9, 34) = 42-9, impact — 5. | 


1) R= Strength, 2) E = Elastic limit, 3) A = Elongation, *) 2 == aaaam 
gation + Contraction. 


73 | 
- | 
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After hardening at 825° in water of 20°: R= 202 8, E= 138°3, 
A per cent=4, >= 0, impact = 10. 

But this steel is as such martensitic, very difficult to work 
without treatment. We do not believe that it has any industrial future. 

There are some other industrial types belonging to the cate- 
gory of steels which, in their normal conditions, are easy to 
manage and which, by suitable treatment, acquire noteworthy 
properties. 

1. Nickel-Vanadium Steels. 

Composition: C= 200, Ni=7, V=0°2, Mn = 0:30. 

Proporties when annealed: R= 65, E= 45, A= 20 per cent. 

Properties after hardening at 850° C. in water: R= 140, 


E for2) A— 1) per cent. 


2. Nickel-Chrome-Vanadium Steels. 

Composition: C = 0-450, Ni = 2:25, Cr = 0°60, V = 0:07, 
Mn = 0°28. 

Properties when annealed: R= 70, E=50, A= 20 per cent, 
impact = 6. 

Properties after hardening at 800° and tempering at 400°: 
feeeto0, HE — 130, A= 6 perecent, impact — 11. 

It will be noted that the resistance to shock is greater after 
hardening than before hardening. 


3. Nickel-Chrome Steels. 

Composition: C= 01738, Ni= 5-47, Cr—0-18, Mn = 0°55, 
i= (16. 

Properties when annealed: R = 61, E = 36, A = 21°5 per cent, 
95, impact — 12. | 

, Properties gitere hardening sat+ Sd0° in oils Ri == 1308 H == 122, 
fe—yeper cent, >— 15, impact — 11, 

We see that we may safely rely on a strength of 140 or 
150 kg per mm? and an elastic limit of 120 kg per mm?, accom- 
panied by a resistance to shocks of 10 or 12 kgm; these figures 
characterise a steel’ which would not be fragile for a large 
number of applications (shafting, gearing). 

There is one tendency which has become extraordinarily 


general during the last months; it is the introduction of vanadium 
into steels. 
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We have dwelt in several communications on the important 
part played by vanadium; this element augments the properties 
which we produce by quenching to a very considerable degree. 


0-2 or 0'3 per cent of vanadium suffice to raise the breaking 
strength and the elastic limit after quenching considerably, without 
sensibly modifying the properties of the annealed metal. Chromium 
and silicon act in the same sense; but they also introduce fragi- 
lity and they modify the properties of the annealed metal much 
more than vanadium does. 

It should also be pointed out that vanadium has received 
much more attention in England and particularly in America than 
in France. Very satisfactory results have been realised in the 
production of armour plates, springs, matrices etc., and vanadium 
steels are quite an industrial product. 

The second point aimed at in the improvement of the manu- 
facture of special steels concerns the simplification of the thermal 
treatment. This is a most important feature. Most works are not 
equipped for a precise treatment which comprises quenching at a 
definite temperature and tempering at some precise temperature, — 
considering that the latter process has to be carried out as a rule 
at low temperatures ranging from 200 to 400°, and that a variation 
of 25° will often materially alter the properties especially as 
regards friction. 

Metallurgists have therefore had every reason to simplify — 
the thermal treatment which is to impart certain qualities to 
theo steel. 

The first step taken in this direction has been the suppres- 
sion of the tempering process. 

With this object in view attempts have been made to vary 
the composition of the steel in such a manner that the brittleness 
after quenching — desirable for some applications — should not — 
erquire subsequent diminution by some tempering process. 

The nickel-vanadium steel of which we have already spoken 
is a notable example in point. It is quenched in water, and we need 
not much trouble about the exact temperature of the water. 

With the same object have been produced steels containing 
slight percentages of nickel-manganese and silicon, but rather rich 
in carbon; these steels need a simple quenching in oil, at 800 or 
POO02. (Cra= 0:45. Ni 21°25, Mn’ d1:14) 05) — 1 ee 
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It is however, quite obvious that, of all treatments, ordinary 
air-cooling is undoubtedly the simplest. Leaving the rapid tool- 
steels, with which we do not wish to deal in this note, out of 
the question, air-quenching is applied to a certain number of 
nickel steels, and we can predict which steels will lend themselves 
to this air quenching. We know that nickel steels are either 
periitic, or martensitic, or polyhedric. We likewise know that the 
martensite structure is the structure of ordinary well-quenched 
steels, and that the transition of one structure into the other 
depends upon the sum of (Ci+ Ni) and upon the other elements 
as well; manganese and chromium in particular exert an influence 
of the same character as nickel. 


The change from one structure to another is moreover not 
sudden. 

There are steels which contain both perlite and martensite; it 
Will be sufficient to apply air-cooling to render the structure all 
martensitic. 

It is, therefore, steels bordering upon the martensite steels 
which will take air-quenching. 

But these steels are inconvenient in one respect. A slight 
change in their chemical constitution will send them over to the 
class of martensite steels which are very difficult to work. Here 
are some examples of steels which will take air-quenching: 

eee 075, Ni=- 3:82, Cr 1:28, Mn = 0°52, Si = 0°17. 

mionealed: RK = 97:0,°E = 76°8, A= 12 per cent, 2 — 40 
impact = 30. 

Air-quenched at 850°: R= 135, E=132, A= 10 per cent, 
+= 20, impact = 8. (Brittleness less after than before quenching.) 
. 2. C= 252, Ni= 5-48, Cr = 0°52, Mn = 0°38, Si= 0-22. 
| maieaicd. n= 76, H = 64:3, A= 18 ‘per cent, >= 60'2, 
impact = 20. 

Air-quenched at 850°: R= 123, E=105°4, A = 10 per cent, 
2 = 48°5, impact — 12. 

Water-quenched at 850°: R = 143:5, E= 128, A= 8 per cent, 
2 = 42-3, impact — 10. 

Bae 0866; (Ni 4°76; Cr = 0:92) Mn = 041. 

Annealed: R = 95 to 100, E = 80 to 85, A = 12 to 15 per cent, 
2=5d to 60, impact = 12. (Figures given by manufacturer.) 


’ 
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R= 143, E=120, A=7 per cent, 4 = 38 () impact ae 
(values we determined). 


Quenched in air it should yield according to the manufacturer: 
R= 159, E=125, A=8 per cent, >» = 40-1, impact = 8. 


This last-mentioned steel exemplifies — in so far at least as 
my own experience goes — what I said above concerning deci- 
dedly martensitic steels. 


Those steels would evidently a fortiori lend themselves to 
water-quenching; indeed their mechanical properties would be 
enhanced by this treatment. But the’ very simple air-quenching 
will do quite well in many cases. 


The third actual tendency noticeable in the manufacture of 
special steels concerns the augmentation in carbon percentage in 
the case of steels for rubbing surfaces. 


Broadly speaking carbon is certainly the best agent which 
will impart mineralogical hardness. Chromium has the same effect, 
but it cannot equal carbon. For certain parts, where brittleness 
is less to be feared, the carbon percentage is increased as it seems 
to be correlated with wear by friction. | 


In exemplification I give the compositions of two steels 
which are made by the same French firm. 
Type 1:. C = 0°330, Ni == 2°43, Cris="0/42ssshiteee 
St eas 05720. : | | 
Type 2: C == 0:626, Ni = 2°6,° Cr = 05459 in == 
pi Se. | 
_ Personally Iam not an advocate of high carbon percentages, | 
and in practice — leaving apart the silicon steels which may 
contain up to 0°600 per cent of carbon — the metals which ans- 
wer best are those containing at the highest 0-400 per cent of | 
carbon; in a good many instances it will indeed be advantaeea 
to keep below this figure, 


To sum up, the three years which have elapsed since the 
last Congress have only justified the conclusions at which we | 
had arrived in the short note then presented: The industry of | 
special steels for structural purposes turns more and more to the 
perlitic steels, and among these the nickel-chrome steels claim a 
position of increasing importance. | 
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It cannot be said that new types of steels have been created 
the Brussels Congress. Yet certain steels which were already 
e at that period, but were not widely applied, have taken a 
- commercial devepolment. These are the simple or complex 
adium steels, which have been gaining ground in America 
e all other countries, and the nickel-steels, with or without 
mium, which border upon the martensite steels and take air- 
ching. 
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THE HEAT TREATMENT OF SPRING STEEL. 


By Lawford H. Fry, Paris. 


The following is an account of a series of tests made at 
the Baldwin Locomotive Works in 1907, to determine the effect 
of certain heat treatments on the transverse elastic limit and on 


the modulus of elasticity of the steel commonly used in America 


for locomotive carrying springs. 
The points under investigation were: 
1. The effect of annealing. 
2. The comparative effect of quenching in water and in oil. 


3. The effect of re-heating the steel to various temperatures 


after complete cooling in water or in oil. 


The steel experimented upon was Basic open Hearth Spring 


Steel, furnished by the Carnegie Steel Company, and its chemical 
composition was: : 


Gee OTR Cee a iar oe UL O o/s 
Manganese af 3 ea. | O88 87, 
Phosphorus ~~~» 4" 0:0829/, 
SUIpniut nee. ea SU. OOS 29 
BIHCOR: Yatra, Sey UTS, 


The test pieces used were one inch in diameter and 14 inches 
long, with a uniform circular cross-section, Ten test pieces were 
cut from the same bar of steel, stamped with numbers 11 to 20 


and treated as indicated in Table I which also shows the effect 
of the treatment on the physical quality of the steel. 
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Method of Heating and Cooling the Test Pieces. 


In the experiments, the temperature at which the specimens 
were quenched was not varied, as experience has shown that 
there is a definite temperature for any given Steel, size of work 
and method of quenching, at which the steel should be quenched 
to obtain the best results. Steel can be hardened by heating it 
to and quenching it at any temperature equal to or higher than 
its “critical point“, but the higher the temperature at which it is 
quenched, the coarser becomes the grain and the more brittle the 
steel. It is therefore desirable to quench the steel close to the 
critical point, but in practice it is found necessary to allow 4 
certain margin above the theoretical hardening temperature. This 
margin above the critical point is affected by the sizes and shape 
of the work and the method of quenching. Having been once 
determined this proper quenching temperature should be always 
used, any variation in the final degree of hardness being produced 
by a change in the temperature at which the temper is drawn, 
or the heat conductivity of the quenching bath. 


By means of a magnet the “critical point“ or point of recale= 
scence of the steel experimented upon was found to be 138609 F. 
Previous experience with the steel has shown that for annealing, | 
the steel should be heated to 40° or 50° above the critical tem=- | 
perature, and that for hardening it should be brought to 50° or | 
100° above the critical temperature, the exact temperature being | 
determined by the size of the work and the effectiveness of the 
cooling bath. | 

For the present investigation the following temperatures were | 
decided upon, they having been indicated by previous experience | 
to be the most desirable: | 


for annealing... . .. > , 4c) eos 
for quenehingyin oil . ..° ow. 4. Oe | 
for quenching in water . . . . 14950F 


All the operations were carried out at these temperatures, 
and the heats at which the temper was drawn and the mode of 
quenching were the only variables in the heat treatment. 


The test pieces were heated in a lead bath specially con- | 
structed to secure control and uniformity of temperature, The lead | 
was contained in a cast iron pot placed in a circular brick-lined | 
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| Garnace. Six burners uniformly spaced, admitted a gas-blast at a 


tangent with the brick walls, so that the flame rotated around 
the lead bath without impinging upon it at any point. The tempe- 
rature of the lead bath was registered by means of a Bristol 
electric pyrometer. 

For annealing, the test pieces were plunged in the lead, the 


path heated to 1400° and kept at that heat for two hours, and 
then allowed to cool off naturally with the furnace, the top of 
the pot being covered. The time of cooling was fourteen hours. 


For hardening, the test pieces were brought to the tempe- 


ature indicated above and then quenched: 1% In oil at a tem- 
perature of 80°F. The oil used conformed to the Baldwin Loco- 
motive Works specification for tempering oil, which requires a 
fire test of 600° F or over, and a specific gravity of not less 


than 259B at 60°F; or 24 In pure running water at 60°F. 
The test pieces, while being quenched, were kept agitated until 
cooled to the temperature of the bath. 

For drawing the temper up to 600° F, the test pieces were 
placed in an oil bath heated by gas, the temperature being registered | 
by means of a mercury thermometer; for drawing the temper 


above 600°F the test pieces were placed in the lead bath, the 


{ 


temperature being registered by the Bristol pyrometer. After the 
temper was drawn to the desired temperature, the test pieces 
were taken out of the bath and left to cool naturally in the air. 


Method of Testing. 
All the specimens were tested transversally. They were placed 
On supports twelve inches apart and the loads applied in the 
middle. The arrangement of the forged steel base B and the tool 
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Test Piece and Support, 
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steel blocks C’ is shown in the sketch below. The bottom of the 
base was carefully planed and finished and the tool steel blocks CG 
supporting the specimens, had been scraped to exactly fit the 
base, so as to allow of no play or deformation when the loads 
were applied. The top of the tool steel blocks was rounded off 
at D, to the shape of the test pieces, so as to give a good 
bearing; but even so it was found that the blocks would cut into 
the test pieces one or two thousandths of an inch, and in order 
to remove as far as possible any error in the measurement of 
the deflections due to this cause, the specimens were subjected, 
before the test was begun, to the repeated application and release 
of a load which stressed them to about two-thirds of the elastic. 
limit.. This load was applied and released often enough to seat 
the test piece on the supports without giving it a permanent set, 
When the test piece was seated, the test proper was begun, and 
the height and deflections of the bars measured at their centres, 
with an inside micrometer, measuring to 0,00001 in., one point 
of which rested in a small center punch hole in the base, shown 
at A. The deflections were increased by steps of 0,0005 in. at a 
time and the loads measured for each increment of deflection. 
After having begun a test, the test piece was not released until 
the test was ended, as this was found to be the most accurate | 
method; there is therefore no record of the permanent sets above | 
the elastic limit. ce 


Results obtained. 


The results obtained are shown in Table I and also in thee | 
stress-strain diagram in Fig. 2. (See page 6.) 

The elastic limit is that point where the ratio of deflection 
to stress ceases to be appreciably constant and the deflection 
begins to increase at a faster rate than the stress. | 

The fibre stresses, elastic limit and modulus of elasticity 
were calculated from the usual formulae for a simple beam, 
supported at both ends, and loaded at the middle as follows: 
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Discussion of the Results. 


Annealing. The steel used in the tests, when thoroughly 
annealed in the manner above described, had an elastic limit of 
78.500 Ibs. This as shown below, is equal to about one-half the 
elastic limit generally obtained with this steel when given a “spring 
temper“, and is equal to about one-third the elastic limit of the 
‘same steel when quenched in water and drawn to 750° F. 

Oil Hardening. The highest elastic limit obtainable with 
the steel used, when quenched at 1450°F in oil, was 187.400 Ibs. 
“per square inch and this was obtained when the temper was not 
drawn after quenching. The higher the temperature to which the 
temper was drawn, the lower the elastic limit fell. Drawing to 
400° F gave 177.600 lbs., drawing to 500° F gave 160.400 Ibs., 
‘and drawing to 560° F 137.500 Ibs. per sq. in. elastic limit. As ~ 
will be seen from the diagram, none of the oil treated specimens 
broke under a 1°1 in. deflection. The usual “spring temper“ given 
im shop practice would be: Quenching from about 1450° F in oil 
and drawing the temper to between 400° and 575° F. It will be 
‘seen that this practice would give an elastic limit varying from 
about 130.000 Ibs. to about 175.000 Ibs. per sq. in., or an average 
of about 150.000 Ibs. per sq. in. 
| Water Hardening. When the steel was quenched at 
1425° F in water and the temper not drawn after quenching, the 
‘steel was brittle and broke at 212.000 Ibs. modulus of rupture, 
the elastic limit being the same as the modulus of rupture and 
the deflection of the breaking point being 0-171 in. 

(The term “modulus of rupture“ has a conventional meaning. 
It expresses in lbs. per square inch the apparent maximum fibre 
‘Stress, tension or compression, of a member transversally loaded, 
as it is just on the point of breaking; the stress being calculated 
by the common beam theory, with its three important assumptions, 
Which are known to be inaccurate above the elastic limit.) 

Drawing the temper to 500°F gave an elastic limit of 
219. 800 Ibs. with the elastic limit still equal to the modulus of 
tupture, or in other words, the ratio of stress to strain was 
constant up to the breaking point. The deflection at the breaking 
point was 0°175 in. Drawing the temper to 750° F gave the highest 
elastic limit: 240.800 Ibs. per sq. in. and the modulus of rupture 
‘was then higher than the elastic limit, viz: 389.000 Ibs. per sq. in. 


| 
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The deflection at the breaking point was 0°744 in. If the temper 
was drawn to 900° F the elastic limit fell slightly, being 233.900 Ibs. 
and the specimen did not break under a 1:1 in. deflection. When 
the temper was drawn to 1050°F the elastic limit dropped to 
180.700 Ibs. and the test piece did not break under a 1:1 in. 
déflection. 


The Modulus of Elasticity. 


The results of the tests show that the modulus of elasticity 
is practically constant and apparently independent of the heat 
treatment given. The modulus of elasticity is difficult to accurately 
determine, on account of the precision required in measuring the 
deflections and loads, which vary by very small amounts, It is to 
be noted that any error in the measurements is likely to make 
the value of the modulus smaller than it really should be. The 
modulus of elasticity is the ratio of the stress to the,strain, or in this 

stress 
deflection’ 
all measurements of the deflections have a tendency to be too 
large and consequently the values found for # have a tendency 
to be too small, because the blocks and base on which the 
Specimens rest are compressed to a certain amount by the loads on 
the test pieces, and if not perfectly fitted, the blocks take a certain 
set which, together with the compression of the support, 1s 
measured with the true deflection of the test pieces and added 
to the true deflections in all the computations. Also, the softer 


Now, 


case the modulus of elasticity = H, varies as 


the test pieces, the more difficult it is to prevent the supports | 


from denting it under load. The values obtained for the modulus 
of elasticity varied from 27,150.000 to 30,420.000. It would seem 


that the higher values are more probably correct and that the true — 


modulus of elasticity of the steel apparently lies between 29,000.000 


and 30,000.000 and is probably unaffected by the heat treatment. 


Conclusions. 


Steel of 1°/) of carbon, when quenched in cold water from | 
above its “critical point‘, is usually too hard and too brittle to be — 


used for the making of springs or tools. The theory of the hardening 


of steel tells us that there are two ways of modifying this hardness _ 


and brittleness of the steel. They are 18+ Allowing some of the carbon 
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fixed in the “hardening* form by quenching, to change back to 
the “annealing form, by re-heating the steel above 400° F. The 
higher this re-heating or “drawing of the temper“ is carried, the 
softer the steel becomes. 2°¢ Using a quenching bath having a 
lesser heat conductivity. The slower the steel is cooled from 
above the “critical point“ to about 400° F, the more carbon is 
_ allowed to change to the “annealing“ form and the less the steel 
hardens. By the second method, steel can be obtained of different 
_ degrees of hardness without “drawing the temper“ after hardening 
_the steel. These two methods of regulating the hardness of steel 
_in hardening can also be used jointly. 

These points are illustrated in the tests. The higher the 
temper is drawn after hardening, the lower the elastic limit falls: 
also a lower elastic limit is obtained with the test pieces quenched 
in the bath having the lesser heat conductivity, viz, oil. The tests 
show that the elastic limit of 19/, carbon steel can be made to 
vaty from 78.500 lbs. per sq. in. to 240.800 Ibs. per sq. in., by 
_ changes in the heat treatment, and that very small changes in the 
“drawing of the temper“ are sufficient to affect the elastic limit of 
_ the steel. This proves once more that the heat treatment of steel 
is a delicate and accurate operation and that to obtain good and 
uniform results, it is necessary to have means of heating the steel 
uniformly to the proper temperature and cooling it at the desired 
fate in a cooling medium, the temperature and heat conductivity 
of which can be kept reasonably constant. 

The tests described above were carried out by Mr. Francois 
de St-Phalle. 
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THE ENDURANCE OF STEELS TO 0000 


OHO REPEATED. ALTERNATE STRESSES. 
By James E. Howard, Watertown, Mass., U. 5. A. 


The results of tests on the endurance of steels to repeated 
alternate stresses have been available, as well known, for a long 
tern of years, many experimenters having in turn taken up this 


line of inquiry since its early inauguration by the eminent Woehler 


ef distinguished memory. Notwithstanding the extent of the in- 


formation which has been developed on the general subject still the 


stages through which rupture is approached and ultimately effected - 
is yet involved in obscurity. 

In view of the prevailing conditions and with the permission 
of the Association the subject will be taken up somewhat discur- 
sively after the presentation of a few results which have been 


obtained in the Laboratory at Watertown, Mass., U.S. A. 


The tabulated results and diagrams refer to a series of tests 


conducted on six grades of Open Hearth steel, in which the carbon 


: 


content ranged from 0,17 C. to 1,09 C. The material experimented 


‘upon was in the condition of hot rolled bars, finished as an 


ordinary commercial product. 
The tests were made with cylindrical shafts the dimensions 


of which were one inch diameter and 33 inches long between 
end supports. The shafts were loaded transversely at the middle 


of their lengths by means ofa double bearing the two parts of which 
Were 4 inches apart, this kind of bearing being used for the pur- 
pose of uniformly straining a short portion of the length of the 
‘test piece. The shafts were rotated at a speed of 500 rotations 


per minute. 
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The accompanying photograph shows the repeated stress 
machine on which these tests were made. 

On the diagrams which follow are indicated the number of 
repeated alternate stresses, of different magnitudes, which caused 
rupture of the several experimental shafts. The lower fibre stress 
employed, 30,000 Ibs. per sq. in., on a shaft of 0,55 C. did not 
result in the rupture of the steel. After enduring 76,326,240 repe- 
titions the load was increased to 60,000 lbs. per sq. in., under 
which higher stress rupture occurred after 8,100 additional repe- 
titions of the load. 
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Diagrams Nos 1 and 2. 


The relative endurance of each of. two grades of steel 
when subjected to different stresses will be seen upon inspection 


of the above. diagrams. As the stresses are increased il | 


magnitude and approach in value the tensile elastic limit of the 


steel there is shown a rapid decrease in the endurance of the | 


material. The limiting stress for indefinite endurance, if remaining 
intact after several hundred million repetitions may be so designated, 
is very much below the tensile elastic limit. (The distances men- 
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tioned in diagrams Nos 1 and 2 representing 39°3 feet and 108 ft 
3 inches respectively refer to the diagrams before their reduction 
in size (2,5: 1) for printing). | 
On diagram No. 8, curves are plotted representing the number 
of alternate stresses of different magnitudes which were necessary 
to cause rupture in each of the six grades of steel comprised in 
t 


this series of tests. A noteworthy feature of the tests is the 


superior endurance displayed by the two grades of steel, those of 
0,73. C. and 0,82 Cr. ree 
M83. spectively, which had their 


REPEATED ALTERNATE STRESSES. 


carbon content in the vicinity 
of the saturation point. 
Passing now from the 
presentation of these few 
results, some remarks will 


of steel, under different 
conditions of test, thought 
to be relevant to tig 
general subject. 

A conspicuous feature 
in the tests of steels by 
repeated alternate stresses 


NUMBER OF ROTATIONS. 


by loads well within the 


GRADE I7C.  .34C. BSC. 73C. —.B2C. 1.09. plishment of this result, in 
3 oHeee 94000 59.000 64000 64000 77,000 all grades of metal, without 
the display of appreciable 
3 permanent elongation of 
contraction of area. It indeed becomes an open question what 
value attaches to the ability of the steel to elongate or contract 
under conditions of loading in which there is practically no 1; 


velopment of either feature. 


Diagram No. 38. 


This leads to a consideration of what properties contribute 
to the endurance of steels under the action of repeated stresses. 
While it is true that applied loads below the elastic limit ultimately 
effect rupture, there is reason for believing that the actual stresses 
which cause the separation of adjacent parts of the steel must 


a 


is the rupturing of the metal 


be made on the behavior — 


elastic limit and the accom- — 


| 
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focally attain in magnitude the value of the tensile strength of the 


metal. Causes which militate against the uniform straining of the 
metal within itself necessary contribute toward the attainment of 
local stresses above the mean value. 


The introduction of internal strains may bring about results 
of this kind and account for wide variations in the intensity of 
stresses in different parts of the steel. To what extent such 
variations may be due to a temporary lowering of the modulus 


_of elasticity by reason of local overstraining of the metal is con- 
_jectural, but some variation might at times be due to this cause. 
Changes in density of a permanent character are known to occur 


as the result of the application of stresses above the elastic limit 
when such loads cause permanent changes in shape. 

Provided changes in density and internal strains are cumulative 
in their effects then there would be reason for expecting that the 


strains due to the applied stresses of the test would be augmented 


by those from within and the real maximum stresses attain limits 


much above the nominal ones and approach the tensile strength 
of the metal in certain cases. 


It is not considered essential that the phenomenon of ductility 


should always accompany stresses in going from the elastic limit 
to the tensile strength limit. Form favors the display of elongation 
and conditions which are favorable for such elongation in an 
| ordinary tensile specimen may be absent when internal strains 
assist in causing rupture. 


The usual effect of cold work, such as wire drawing for 
example, is to raise the tensile strength, and other kinds of cold 
treatment have a similar effect in raising rather than lowering the 
ultimate strength of the metal. So many illustrations will present 


themselves in which the tensile strength is raised by mechanical 
treatment that the effect of alternate stresses in apparently lowering 


it seems paradoxical in comparison. 
It has been found that the number of loadings necessary to 
cause rupture is very much increased when the experimental shafts 


are tested at a blue heat, that is at temperatures ranging from 


400 to 600 degrees F. It will be recalled that the tensile strengths 
of steels are higher in this zone of temperature than at ordinary 


_ temperatures. 
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This evidence favors the thought that rupture is eventually 
reached through the cumulative effect of internal strains aiding 
the applied loads, and that an increase in tensile strength, other 
properties remaining less affected, tends to prolong the endurance 
of the metal. Other explanations will present themselves but this 
seems a consistent one. 

If the external metal of the experimental shafts, which from 
its position is exposed to the higher stresses of the test, is actually 
stressed to its normal tensile limit by reason of the cumulative 
effect of internal strains augmenting the applied forces, at the time 
of or immediately prior to rupture, then it would seem there should 
‘be no loss in tensile strength of the metal up to that period of 
the test and furthermore there might even be a slight gain in 
tensile strength from the cold working of the steel. 

The examination was made of some annular specimens in 
which the metal at the neutral axis and beyond was removed, 
leaving only a thin external shell comprising that part of the shaft 
Which had been exposed to the higher stresses of the test, and 
in a few instances it was thought that a higher tensile strength 
was displayed than normal to the steel. Slight as was this evidence 
yet it seemed consistent with the theory of rupture above advanced. 

On the other hand experience has not always supported this 
theory, as the following remarks will show. 

Provided the cumulative effect of internal strains tends to 
promote rupture, as supposed, then annealing at suitable tem- 
peratures should prolong the endurance of the steel since proper | 
annealing eliminates such strains. In this way the endurance should 
admit of being extended perhaps indefinitely if the treatment was 
fully effective. 


Efforts in this direction, however, have not met with success. 
The limit of endurance of shafts occasionally annealed was not 
sensibly increased. While the experimental results have not furni- 
shed the encouragement that was expected, still it is not thought 
that the tests were decisive. The question is a very important 
one whether the progress of rupture may be arrested and the me 
restored to its primitive state. 

The effects of overstraining are very persistent and have been 
found to remain in iron after the lapse of a period of 22 years, 
but the dislodgement may be immediately accomplished by exposure 
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to annealing temperatures. Inasmuch as the restoration of certain 


features in the tensile properties may be effected by annealing, it 


has led to the hope that beneficial results from annealing may yet 
be found to follow in respect to the endurance of metals under 


repeated stresses. 


In submitting these remarks it has been desired to direct 


attention to causes which may assist in explaining the phenomena 


of rupture by repeated stresses, and as worthy of consideration 


the thought has been advanced that accumulated internal strains 


augment the applied forces. It is important that such an under- 
standing of the subject be arrived at, if possible, as may result in 
the recognition of the controlling factors which give to steels the 
ability to endure long continued stresses. It is hoped that the 
members of the Association may kindly add the thoughts and 
impressions which they have received to the end that the under- 
lying and fundamental features involved may eventually be 
| understood. 
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UNIFORM TESTS OF HYDRAULIC CEMENTS 
BY MEANS OF PRISMS,.-STANDARD SAND. 


Report of the Chairman of Committee 42: 


Prof. F. Schiile, Zurich. 
Translated from the German by A. R. Liddell, 


1. The ascertainment of the strength of the hydraulic cements 


_ for the determination of their comparative qualities is in general 


achieved by means of the subjection to tensile and compression 
tests of test-samples consisting of mortar of the consistency of 
1 part cement to 8 parts standard sand together with a varying 


quantity of mixing-water, either pressed together by hand or 
rammed by machine power, according to the country in question. 


After the Congress held in Buda-Pest in 1901 two referees 


were nominated for the study of the question of standard sand, 
and at the Brussels Congress the author of this report had an 
| Opportunity of discussing the properties of sands of the kinds that 
come in question for the testing of hydraulic cements in a fairly 


_ thorough manner. 


The conclusion of this study consisted in the giving of the 


_ preference to those kinds of sand which pass through the 64 mesh 


sieve and are held back by one of 120 or 144 meshes, over the 


mixed-grain kinds which are retained by 4 sieves with round 
holes of 2, 1:5, 1 and 0°5 mm in diameter in the manner that 
the materials remaining on the three last sieves, or that remaining 


—0n the second and on the last ones, are mixed together in equal 


parts by weight. 


= wit 


X2 


As a further result of the study, it appeared that the question 
of a standard sand could not bring a solution for the -uniform 
testing of the hydraulic cements, and the proposal which has 
become the object of the labours of Commission No. 42, was 
accordingly made. , 

The Committee was constituted in the spring of 1907 
in the following manner. 

Chairman of the Committee: Prof. F. Schule, Zurich. 

Members: Laboratoire des Ponts et Chaussées, Boulogne 
s/M. (R. Feret); Laboratoire des Ponts et Chaussees, Faris 
(A. Mesnager, Mercier); Laboratoire du Conservatoire des Arts 
et Métiers, Paris (Leduc); Kgl. Maferial-Prufungsamt, Gr.-Lichter= 
felde (Prof. Dr. Sug. A. Martens, Prof. M Gary); Laboratorium 
des Vereines deutscher Portland-Zementfabrikanten, Karlshorst bei 
Berlin (Dr. Framm); Eidgendssische Material-Prufungsanstalt, Zurich 
(Prof. Schtile); Mech. Laboratory of the Imp. Institute for Road- 
building, St. Petersburg (Prof. Dr. Ing. N. Belelubsky, Prof. 
Bogdansky); Mechanisch-technisches Laboratorium der tech= | 
nischen Hochschule, Wien (Prof. B. Kirsch); Danish State Testing 
Laboratory in Copenhagen (Mayntz Petersen); Ecole d aps 
plications pour les Ingénieurs, Bologna (Prof. S. Canevazzi); 
Laboratoire de l’arsenal de l’Etat Belge, Malines (E. Camerman); 
Material-Prufungsanstalt von Bienfait & Koning, Amsterdam | 
(L. Bienfait); Materials Testing Laboratory United States Cola | 
survey (Rich. L. Humphrey), Philadelphia Penna. | 

Most of the testing laboratories declared their willingness td 
undertake investigations, the results of which are put together in 
the following report and give good hope that a simple, exact, and 
uniform method for the testing of the strength of hydraulic cements 
will be attained in the near future. f 

2. The operations were begun by the issue, by the Chairmalll | 
of the Committee of the following circular dated May 16th., 1907. 

“The wish to attain comparable results from the strength 
tests made on hydraulic cements has already, in the Bauschinger 
Conferences and in the Congresses of our Association, led to the 
institution of various attempts towards the attainment of uniformity 
in connection with: the manner of producing the test samples, — 
machines for the testing, sand for the mixing of the mortar, and — 
the quantity of water suitable for the latter process. Complete 
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unanimity on these points has not yet been attained, and the 
‘task of finding a uniform standard sand, in regard to which 
various communications were made to the Congress in Brussels, 
confirmed in 1906 what had been already made clear in con- 
nection with the Bauschinger conference in Vienna in 1892, that 
the solution of the sand question alone would not be sufficient, 
but stood in close connection with the larger one of the attain- 
ment of uniformity in the whole method of testing. 


The Process applied in the strength-tests of hydraulic 
cements has in each country been the outcome of long-continued 
investigations, and it is not likely that a considerable revolution 
in favour of the approval by our Association of a method used 
by one particular country will ever become possible. Notwith- 
standing this, however, there are numerous cases, in which it 
would be of advantage to obtain strength-values of the _ kind, 
which could be directly compared one with another, in whatever 

testing-laboratory or country such tests might be made. 
| In view of this, the undersigned made the proposal at the 
Brussels Congress, that a general agreement be come to, that for 
purposes of comparison the strength of hydraulic cements be 
determined by means of 44X16 cm prisms of mortar of 1:3, 
in the manner in which such have for years been applied by 
Mr. Féret in the Laboratoire des ponts et chaussées, in Boulogne- 
sur-mer, the sand there in used being a quartz-sand obtained by 
the aid of sieves of 64 and 144 meshes to the sq. cm. respectively; 
the prisms here to be first submitted to a bending test, after 
which the halves of each broken test-sample were to undergo the 
compression test. 

In view of its uniformity and of the control exercised in its 
| production, the German standard-sand of Freienwalde was recom- 
“mended as the most suitable sand material. | 

The proposal that investigations be made on these lines 

Obtained the support of the Congress, and the Council nominated 
a special committee for the solution of this question. A number 
of testing-laboratories have expressed their readinesss to co- 
Operate in these experiments, and I beg herewith to express my 
thanks to them. 

| It would be of advantage to hear the various views as to 
the best manner of pursuing the investigations for the solution 


| 
} 
| 


: 
X2 y 


of this question. In view of this, then, I beg to submit a draft 
programme of the work to be undertaken, with an invitation to 
the members of the Committee to give expression to their views 
and make communication of any alterations to these proposals 
which they may deem desirable. 

In every testing laboratory, the introduction of a new 
process entails getting accustomed to the various details which 
characterize it, and the ascertainment of the relations existing 
between the results of the tests hitherto made by the official 
method in use in such establishment on the one hand and those 
of the proposed method on the other. 

After the accomplishment of this introductory work it will 
be possible, simultaneously to carry on several series of tests 
with one or two cements, which would be sent to all the testing | 
laboratories that would interest themselves in the question. 

The prism-testing process has become familiar to us through 
the publications of Mr. Feret. In connection with the application | 
of this process in the Federal Testing Laboratory in Zurich, special | 
moulds, which can easily be taken asunder and are held together — 
by a single screw, have for several years been in use for Six 
samples each, while, for the bending test, the Michaelis apparatus 
for tensile tests is provided with a special fitting in the shape of | 
a stirrup. The accompanying notice gives the details of the process | 
and a suitable method for the determination of the quantity of | 
the water. | 

The investigations which I beg to propose are the following: = | 

a. Preliminary Experiments. — Parallel experimental _ 
tests lasting for 7 and 28 days respectively on a few cements f0 | 
be made on the prism method and in the manner usual in each labor- 
atory, with the standard sand of the respective country and ve 
German standard sand from Freienwalde. | 

b. Comparative Experimental Tests. — The testing of | 
two Portland cements. which are to be sent from a central point | 
to all testing establishments that agree to take part in these tests, 
by the method usually employed in each particular establishment | 
and by the process with prisms and German standard sand. The | 
tests would take place after periods of 7 and 28 days. | 

The preliminary experiments can be carried out within the | 
next few months; when the process with prisms shall, by means 
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of these, have become better known in the various testing labor- 


atories, the two series of Portland cements to be tested can be 
despatched to the different laboratories, if possible in the course of 
the month of November, 1907. 

Results of these investigations could be collected up till the 
beginning of the Spring, 1908, and communicated to those interested, 
so that the investigations might, if necessary, be supplemented 


during the course of the year. 


I shall feel obliged if the Members of the Commission will 
give expression to their views on the programme submitted, and 


will, if possible, send in their answers before July 15th., 1907. 


3. This circular was accompanied by the following description 
of the method in use in the Federal Testing Laboratory in Zurich 


for the production and testing of standard mortar prisms of 1 to 


3 in plastic consistency. 
I. Apparatus. — In accordance with the accompanying 
drawing, the samples are produced in iron moulds each of which 


is made in 6 parts and, on the release of a screw at one end, 
can easily be taken asunder. Each division of the mould has 
an area of 4X 16cm and a height of 4 cm. To prevent the 


} 


adherence of the mortar to the iron, the surfaces are rubbed with 


a greasy cloth before the mould is put together. 


Moulds for test pieces 16K 4X4 cm. 
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Arrangement for bending Plates and angle iron for compression 
tests, tests 


The bending is tested by the Michaelis apparatus, which, 


in place of the grips usually employed for octagonal block 


samples, is provided above with a stirrup with two knife-edges 


10 cm apart and below with a small frame with a removable cross-bar | 
as in the accompanying drawing. The prisms are introduced into the _ 
stirrup in the horizontal position and between the cheeks of the | 
frame, The iron cross-bar of the lower frame is then inserted and — 


brought into the middle of the field of support. 


Half of the prisms are laid on a press between stegh) 


plates 4 cm in breadth. To insure that the plates lie exactly 
one above the other, an angle iron is made use of, as Showim 
in the drawing. 


Il. Mixing of the Mortar. — For the simultaneous pro- 
duction of 6 prisms 2°700 kgs of standard sand and 0°900 kgs — 


of cement are simultaneously mixed dry in a shallow vessel, after 


which water is gradually poured in and the mass is then vigor- | 
ously worked through by hand with the trowel for from 38 to 0 | 


minutes. 
For the plastic consistency, the mortar requires from 1*/g 


to 2 per cent more water, than for the usual normal Come) 


sistency for ramming. According to experiments made, the quan- 


tity of water required can also be determined by the numbet — 


of blows (35 to 45) required to cause water to trickle from a cube, 
rammed in the apparatus. 


Il]. Production of the Prisms. — Each division of the | 


6-part mould is at once half filled, so that the water does not 
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flow from one compartment into the others during the process of 
ramming. 

The easy and rapid ramming operation is effected by hand 
with a pestle or rammer 1 kg in weight and 3 X 3 cm in section, 


the ramming effect being produced merely by its own weight 
after being raised from 0,5 to 1 cm. 


After the surface of the mortar has been scraped off, there 


comes the second filling of all the compartments, which after 
ramming, must be sufficient in quantity to completely fill the 
mould so that some material has to be removed; the water then 
collects on the surface. After this the mould is shaken a few 
times on the moulding table and its surface smoothly scraped off 
with a straight-edge. 


IV. Method of Keeping the Samples. — The samples 
remain in their places till the material sets, that is to say until 


they can be easily removed from the mould; in the case of Port- 
land cement this condition is generally reached in about 24 hours; 
the prisms are kept on a brass plate in the moist closet for 
about 8 to 12 hours more, and are then immersed in water until 
_ just before the test. 


~V. Conduct of the Test. — The bending test is conducted 


in such a manner that the part of the prism which was_ upper- 


most in the moulding process is also uppermost in the stirrup. The 


weight of the shot-tray multiplied by 11,7 gives the bending- 


strength, which is equal to twice the tensile strength. 


The compression-test on each half prism is made by the 


canting over of the prism through an angle of 90°, so that the 


_ pressure is applied in a direction lateral to the ramming, that is to say 


| the two sides adapt themselves better for the distribution of the 


pressure on account of their smooth plane surfaces. The mean 


of the results with the two halves of a prism is set down as the 
compression strength. 

Of the six values given by a series, the arithmetical mean of 
the four best ones is looked on as the authoritative result. 

4, The procedure thus initiated obtained the approval of most 
of the testing establishments, but on the other hand _ several 
| important observations were submitted by Mr. Féret, which in the 
Main bore reference to the following points: 


| ee 
| i 


X2 


a) The sand of uniform size of grain limited by the 64 and 
144 meshes is not very suitable for the production of plastic 
mortars; for, according to Mr. Féret, the water mixed with cement 
will easily flow between the grains, so that the mortar does not 
become homogeneous. The mixed-grain sand would not be subject 
to the same disadvantages, and a mixture would not be incom- 
patible with the use of the Freienwalde Sand, which in its crude 
condition contains about 50 per cent (by weight) of grains limited 
in size by perforated plates with holes of 2, 1,5, 1, and 0,5 mm 
respectively. | 

by) One “of the advantages of the plastic mortar consists in 
the independance of special machinery, which it gives; on this 
account it is illogical to determine the quantity of the mixing- 
water by means of the ramming apparatus. 

The definition of a uniform consistency is one of the chiei 
difficulties attending the use of such mortar, and it would be 
desirable, that the determination of the quantity of water that is 
necessary for the attainment in every case of mortars of the same 
consistency with every cement should be referred to the Committee 
as one of their most important tasks. 

c) It would be desirable that the degree of rammability of — 
the mortar in the moulds should be determined. Every laboratory _ 
was invited to make trial of the proposed method, to improve if, | 
and to propose alternatives. | 

d) Mr. Féret takes exception to the bending test with load | 
concentrated in the middle, on the ground that the section at this 
point has to take compression and shearing strains in addition to | 
the bending strains proper, and he declares himself in favour of _ 
the employment of symmetrical loads, which, in the field in which — 
the fracture occurs, give a constant bending moment without the 
cooperation of the shearing force. The arrangement advocated by 
Mr. Féret is to be found in his book “Etude expérimentale du | 
ciment armé’’, and was explained at the Brussels Congress. 

e) In connection with the bending test, Mr. Féret would | 
give the preference to the application of the power against the — 
lateral surfaces of the prism, since during the moulding process — 
the uncovered surface is not so regular as the three others, and | 
moreover has not always the same composition as the rest of the | 
piece on account of the action of the outer air during setting. 
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f) It would be illusory to attempt to discover a definite pro- 
portion between the bending strengths obtained by the new 
method and with plastic mortar and the tensile strengths with 
rammed mortar, which may have been determined by the methods 
at present in use in the various laboratories. Such experiments 
have always shown that no proportionality exists, which is an 
almost unavoidable consequence of the difference between the 
two methods. 

5. These observations, which are communicated to the Members 
of the Committee, have contributed in an effective manner to the 
more exact determination of the programme of the operations. The 
preliminary tests, have, notwithstanding this, been carried out in 
the sense in the first circular and in accordance with the method 
therein described, for the following reasons: 


A method for the testing of hydraulic cements is in various 
respects arbitrary. This is the case with all tests which give 
comparative and not absolute results. 

Committee No 42 wishes to try to give uniformity to the 
method for the comparison of the strength values determined in 
different countries and different laboratories. The method is not 
intended to replace older ones, that are exactly marked out, but 
are different in the various countries. This uniform method is to 
be specially distinguished by its simplicity. 

For this reason the particular sand was proposed — as a 
standard, which is obtained between sieves of 64 and 144 meshes 
— in particular, that of Freienwalde. Between this sand and that 
Which includes 8 sizes of grain (sieve with holes of 2, 1,5, iy 
and 0,5) in equal parts by weight, there is a difference of 6 per 
cent in the unfilled spaces (interstices). It is scarcely probable that 
this difference is sufficiently considerable to characterize the one 
mortar of 1 to 3 as homogeneous and the others as non-homo- 
geneous. The difficulty of obtaining the fine sand (O55. 26 Als mim) 
in a homogeneous state, and of always mixing the three sizes o1 
grain in the same given proportion for test-samples that are to be 
exactly alike, is greater than that which arises from the larger 
hollow spaces referred to above. 

The investigations which have been made in countries other 
than France with mixed-grain sands did not show favourable 
results for such sands; for this reason it seemed advisable that 
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the sizes of sand-grain which are in pretty general use should 
be adhered to. 

The determination of the proportion of water which 1s suitable 
for the plastic mortar is one of the greatest difficulties. Most of 
the testing laboratoires are in possession of ramming apparatus 
for the mortar-tests (either on the Bohme or on the Klebe-Tetmajer 
system), It is possible, by the aid of this apparatus, to ascertain 
the mechanical work applied in ramming, and in this way to 
determine the proportion of water necessary for the attainment of 
a given consistency of the mortar. After a few experimental tests 
in this direction, it will-be possible to fix a proportion between 
the quantity of water used for plastic mortar of 1 to 3 and the 
quantity which corresponds with the standard consistency of 
pure cements. 

The ramming test with the machine is given as a fairly 
practical and provisional means of determining the suitable quan- 
tity of water. 

In the case of bending tests which give a constant moment 
in the central field, the shearing force is, indeed, avoided, but, 
at the points in which the forces act, the bending moment and 
the shearing force are always present. If the shearing force exercise 
an unfavourable influence on the strength, fracture will occur 
under the points of application of the load, and not between these | 
points. Should fracture occur between these points, this means that — | 
the shearing force does not act in a disadvantageous manner, or 


that there is a weak place between the points of application of | 


the load on the test sample, so that the result will be more likely 
to be an abnormal one. The arrangement which is applied in the 
Federal Testing Laboratory in Zurich has produced good results. 
A comparison between the method with constant moment and 
that with concentrated load will show which of these gives the | 
more consistent results; the better one should then be applied. — | 
The interesting results contained in Mr. Féret’s work on reinforced 
cement are not at variance with the foregoing remarks, since the 
experiments with constant bending moment and those with con- 
centrated load showed the same regularity (page 592), the figures 
obtained by the first-named method, however, being smaller by 
14 per cent than those by the second one; this cannot be regarded 
as an advantage. 
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It would appear to be necessary, that definite information 
be as soon as possible obtained as to the proportion existing 
between the strengths attaching to the new methods and those 
due to the methods hitherto in use; for it is hardly to be expected 
that any uniform method can find acceptation side by side with 


the existing ones, so long as the influence that the new results 
may be expected to exercise on the classification of the hydraulic 
cements, remains unknown. 


6. The preliminary experimental tests set forth in my circular 


of May 16th., 1907, have been carried out in several testing 
laboratories and up to January, 1908, I received the results from 
_ the Laboratories of Karlshorst (Dr. Framm), Bologna (Professor 


Canevazzi), Amsterdam (Eng. Bienfait), Vienna (Prof. Kirsch), 


'and Zurich. 


The tests were made with Portland cement in accordance 
with the directions contained in the “notice for the production of 


prisms’ enclosed in my circular, and at the same time also in 
accordance with the methods of testing usually employed in the 
_ respective laboratories. 


Have the first experiments given a favourable result? 

Is it necessary to improve or modify the proposed prism-method? 

The results. obtained enable a preliminary answer to be given 
to these questions: 


The absolute amount of the strength is not taken particularly 
into account, and is only given in connection with the results of the 


_q-day and 28 day tests of the rammed moist mortar, in order to 


compare the relative strengths that are obtained when the strength 


| of earth-moist mortar is taken as the unit. 


The following table contains the particulars of the results 


already received. (See table page 12.) 


It is to be observed that bending and tensile tests do not 
necessarily give the same proportion between the strengths as 
compression tests, since, in the first case, half the bending strength 
is compared with the tensile strength, while, in the second, two 
compression strengths are compared. 


The latter proportion is, in general, somewhat less than the 


former one. The figures of comparison vary also, according to the 


quality of the cement submitted to test and according to the length of 
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time during which the test-samples have been kept. The comparative 
figures from the experimental tests given are the following: 


ne Laboratory Standard Sand Seat anes > pepee res 

ld 7 days 28 days 7 days 28 days 
1  Karlshorst German O61 0°68 0:62 067 
2 Amsterdam a O79. 20 ith ow Ui 
3. Bologna ; 0°55 = =©0°60 0:33 39037 
4 ‘ Italian 0-46 0°55 0°38 0°46 
s. Zurich Swiss 0-82 0°88 066 Ost 
6 he German 1:05 1:10 0°87 1:02 


The results of series 1 and 2 show a satisfactory agreement; 
series 3 and 4 give for the compression strengths, in particular, a 
very small proportion-figure for the plastic mortar, as compared 
with that for the rammed earth-moist mortar. This is attributable 
to the comparatively important differences between the individual 
strengths of the plastic mortars, which will be apparent from a 
comparison between the mean values for the two simultaneously 
tested groups. The series 5 and 6 differ from the rest in the high 
strength-values obtained with plastic mortar. This result may be 
due to a longer duration of the ramming process and to the care 
bestowed on the attainment of equal app. spec. gravity. 


The German standard sand has grains of uniform size and 
rounded form, like the Swiss standard sand. With a plastic mortar, 
hand-ramming enables the sand-grains to assume positions towards 
each other, that are more favourable to the attainment of high degrees 


of strength, than is the case when the ramming is done by machinery. 


The results contained in the tables only give a résume of 
the somewhat important work undertaken in the various laboratories. 
In 1907, Professor Canevazzi published a more detailed 
account of the extensive tests made in the laboratory of which 


he is manager, in Bologna, under the title: “Contributo a studi 


sperimentali di provo per gli agglomeranti idraulici’’. 

Compared with those attained in other laboratories, the 
strengths determined by him showed considerable differences, and 
tests were accordingly made by Mr. Féret and Mr. Canevazzi 
with 4 series of 6 prisms each, which were made in Bologna, two 
of the series of tests being conducted in the latter town and the 
other two in Boulogne-sur-mer. From these tests it appeared, not 
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only that the app. spec. gravity of the prisms of one and the 
same series showed rather considerable differences, but also that 
the means of the two series varied considerably one with the other, 


Series 2: 2,171—2,215 Series 3 : 2,202 —2,233 
Mean: 2,195 Mean: 2,217 


The differences between the strengths obtained in the two 
laboratories do not exceed those which showed themselves between 
two series tested in one and the same laboratory. Finally, when 
the means of the differences between the individual tests of the 
prisms or half prisms of each series are calculated out and general 
means of the strengths thus given are taken, it appears that their 
values expressed as percentages of such mean strengths do not 
show any considerable difference between one laboratory and 
another as regards the bending-tests, but that the compression-test 
results are much higher in Bologna (28 and 16 per cent) than in 
Boulogne-sur-mer (4 and 5 °/)). This difference is chiefly due to 
the circumstance that, while the apparatus for the bending test 
were the same in both laboratories, for the pressure tests a universal 


testing-machine was employed in Bologna, which was not so well” 


adapted for these particular tests as the machine made use of in 
Boulogne-sur-mer. 
To sum up the foregoing, the results as a whole cannot be 


regarded as satisfactory. Although the various testing establishments — 


agree in regarding the prism-method as convenient and practical, 


it is desirable that its improvement be sought after, so that results | 


that are in better agreement with each other may be obtained. 
The chief differences are probably due to the circumstance 


that in the description of the process applied in Zurich we omitted 


to emphasize the importance of the testing of the app. spec. 


gravity of the prisms, which, in the application of the ordinary 


method with octagonal and cube-shaped samples, is always | 


attended to. 

7. Mr. Frey, Manager of the Vigier Cement Works, at Luter- 
bach, has endeavoured to solve the problem of the uniform production 
of prisms, and has arrived at a satisfactory result by the expedient 
of filling a mould of the same content as that of a prism with 
standard mortar of plastic consistency and seeking to attain the 
app. spec. gravity of 2,17 to 2,18 by a suitable method of ramming. 
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This preliminary experiment fixes the quantity of the mixing water 
and the kind of hand work that are to be applied in each case. 
If the app. spec. gravity be too large, a little water must be 
added; if it be too small, some of the water must be removed. 
With a app. spec. gravity of 2,17 the mortar is very plastic, the 

proportion between the tensile strengths being 0,50 and_ that 

between the compression strengths 0,44 to 46. The individual results 
of tests on prisms made by this method agree one with another. 

The tests made in the Federal Testing Laboratory in Zurich 

have given a similar result. With a Portland cement which shows 

9/, per cent of water for standard mortar rammed in an earth- 
moist condition (with Swiss sand) and 11 per cent for plastic 

mortar, made by the method described in my circular, a mould 

of 4X4xX16 cm can be filled with 575 gr of mortar, corresponding 
with a app. spec. gravity of 2°25. This figure may be attained by 

Suitable ramming. A test with .1 or 2 prisms will show what 

manner of ramming is suitable, and this must then be adhered to 

as far as possible for all the prisms. 

If a low app. spec. gravity be resorted to, such as that of 
217 of Director Frey, the differences in the hand work may, on 
account of the greater plasticity of the mass, be less considerable : 

but on the other hand it is to be feared that the mortar will be 
less homogeneous. 

Before the proposed comparative tests with two given Port- 
land cements could be made in the different laboratories, the 
attention of the Members of the Committee was directed 
to the results given in the foregoing with the request that 
they should communicate to me their experience and views 
_aS to the best course to be taken in view of the attainment of a 
generally satisfactory result of the testing-method by means of 
' prisms. | 

Premature tests with the same cements might lead to di- 

vergent results, which would be detrimental to the extension of a 

Process, that, when rightly applied, gives no greater differences 
in the final results than do the strengths of rammed mortar, and 
‘Which itself has the great advantage of simplicity, 


| 8. Appended to this report is a supplementary table of the 
tests which were made in Zurich by the method given and which 
also give the app. spec. gravity of the block samples. 
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Results of the Strength-Tests of Portland Cement Mortars of 1:3 made by the Aid of Prisms, com- 
pared with those of the Standard Tests (Hidg. Materialpriifungsanstalt Zurich). 
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9. These preliminary tests appeared to show the importance 


of improving the method, in order to obtain satisfactory results. 


According to the proposal of Mr. Frey, Manager of the Vigier 
Cement Works, at Luterbach, a solution was to be found in the 


expedient of keeping the volumetric weight of the fresh mortar at 
from 2°17 to 2°18 under all circumstances. According as the volumetric 


weight obtained by the first experiment turned out too great or too 
small, the mortar could, in order to obtain the typical figure, be mixed 


with a somewhat greater or somewhat smaller quantity of water. 


The tests conducted in Zurich had led to the recommen- 


dation of this method, but to the proposal of a higher figure for 


the volumetric weight, which stands in connection with the circum- 
stance that our staff are accustomed to a ramming-process of 


longer duration. Mr. Féret has tested this method and put his 


conclusions together in the form of a notice, which bears the title: 
“Vérification de la méthode de Monsieur Frey”, and which was 
distributed among the members of the Commission in April 1908. 
The principal contents of this notice are here given: 

A process of such simplicity, which simultaneously solves 
the two principal difficulties that stand in the way of the general 


application of the plastic standard mortar, would have such ad- 
vantages, that the whole question would, by its means, be advanced 


a considerable step forwards, and it is very much to be wished 


that it may be tested in as great a number of testing establish- 


ments interested in Question No. 42, as possible. For my own 
part, | at once investigated it and conducted the operations 
in such a manner as to verify the following points, in particular: 


a) In what degree does the volumetric weight of the fresh 
mortar depend upon the quantity of the mixing water and upon 
the amount of the ramming done, and what alteration results from 


these considerations for the strengths and for the degree of uni- 
formity of the results? 


b) Do standard mortars with different quantities of water 
and different ramming, but the same volumetric weight, give the 
Same test-results with a given cement? 

c) Is it possible to obtain standard mortars having the same 


_ previously-fixed app. spec. gravity (2—17 or 2°25) with all sorts 
of cements, and is this app. spec. gravity in every case 


——- per ew 


accompanied by an admissible consistency? 


e 
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In order to test this programme, experiments were made 
with three cements differing largely in fineness of grinding. 

1 Portland cement of medium fineness of grinding with 
residue of 27°5 per cent on the 4900 mesh sieve; 

1 Portland cement coarsely ground, in correspondence with 
the French booklet of requirements for marine structures (44°5 per 
cent residue); and finally 

1 hydraulic lime of special manufacture, which on the same 
sieve leaves a residue of only 11/. per cent. 

These mortars were in every case composed of 900 gr of 
cement, and 2700 gr of sand from Leucate, which had passed 
through the sieve with round holes of 1,5 mm in diameter and 
had been retained by the sieve with 1 mm holes. It was worked 
for four minutes with the trowel with a variable quantity of fresh 
water, and the consistency was then estimated. A prismatic mould 
of 4X 4X 16cm was filled with material of the degree of density 
laid down for each experiment, the contents of the mould were 
weighed, and the 6 final prisms were produced, these having all 


undergone the same degree of ramming. The ramming was, as | 
usual, performed by means of a small wooden dolly of 2X3 cm __ 
in section with rounded corners, held by two fingers without _ 


the use of force. This is to be understood as ordinary ramming. 
Hard ramming was applied a few times, or on the other hand 
the mortar was pressed into the mould with the fingers. The 
prisms were removed from the mould after 24 hours and immersed 


in water, and they were tested 28 days after production. Before 


the test took place, i. e. immediately after the removal of the water, 
they were gently dried on the surface and weighed separately, 


whereupon, after the pressing out of the water, their exact volume | 


was determined by means of the Ludwig Volumometer, The _ 
app. spec gravity of the mortar at the test is obtained as the — 


quotient of weight by volume. The bending test was conducted — 


exactly in accordance with the directions which Mr. Schiile had _ 
given in his programme. 100 gr of shot was allowed to fo 


per second. 


The compression tests were made by means of the Amsi@ | 


Laffon Press with the two halves of the prisms that had been 
broken by bending, placed crosswise between two steel plates” 
4 cm in breadth. 
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In order to determine the degree of agreement between the 
results given by each series of 6 prisms, the means of the 6 bending 
strengths and of the 12 compression strengths were respectively 
computed; the differences between the invidual strengths and these 
means were determined, and the means of these difference again, 
as functions of the mean strengths, were expressed in hundredths, 


On the other hand, to enable the mean strengths to be 
compared one with another, the mean of the 4 highest strengths 
of each series of 6 prisms was taken into account, in accordance 
with the programme of Mr. Schtile, after the mean of the strengths 
of each prism had been determined from the figures for the two 
halves, for the pressure.: 


Table I gives the results of these individual strengths for 
the I series of 6 prisms. 


In general, the smallest and greatest strengths in each series 
correspond with the smallest and largest volumetric weights. 
Exceptions, however, are of pretty frequent occurrence. 


Table II gives the circumstances of the production of the 
individual prisms, their consistency, the app. spec. gravity as- 
certained in the mixing process, and the mean results calculated 
in the manner explained above. 


The principal conclusions to be drawn from the above are: — 


a) The app. spec gravity are not the same after 28 days | 
as those at the production of the samples, although it may in | 
both cases be assumed that the latter are saturated with water; 
they are generally somewhat smaller, but vary in the same sense. | 
The determination of the app. spec. gravity of the mortar in process 
of being mixed appears to be less exact than that of the mortar 
when set. 


b) With one and the same cement the app. spec. gravity of 
the mortar may vary within pretty wide limits according to the 
quantity of the mixing water used and to the degree of the ramming. 
With given ramming, the app. spec. gravity rises at first with the 
quantity of water, reaches a maximum when the consistency 1S 
neither too stiff nor too thin, and falls again for larger quantities 
of water. The rule given by Mr. Frey, by which a given app. spec | 
gravity is obtained only in conjunction with an alteration in the | 
quantity of the water, is applicable only to mortars which are ! 
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produced in softer consistency than that corresponding with the 
‘maximum of the app. spec. gravity. 

c) The maximum of the app. spec. gravity of the mortars 
with equal ramming varies with the cement, and it appears 
difficult to establish a typical app. spec. gravity that corresponds 
with an admissible consistency with all possible cements. 
‘he mortar, 1, 14, 17, or 20, all of. which in their fresh 
condition have a app. spec. gravity approximately equal to 2°18, 
‘might perhaps fulfil the condition. The proof, however, is wanting, 
‘that all cements of this app. spec. gravity will give an admissible 
| mortar, and further investigations in this direction would be necessary. 
Later experiments have shown me that the German standard sand 
gives a somewhat smaller app. spec. gravity than the sand from 
_Leucate. 3 
| d) The bending and compression strengths increase at a rate 
that is parallel with that of the increase of the app. spec. gravity. 
‘The proportion is also fairly regular, even when the app. spec. 
gravity of the set mortars are taken into account. An insight into 
these conditions is obtained by means of diagrams, when, for 
Various mortars with a given cement, points are set off, which 
“have the app. spec. gravity as abscissae and the strengths as 
ordinates. When the unavoidable errors in the process of in- 
vestigation are taken into account, the strengths of the mortars with 
given app. spec. gravity with the same cement show large 
with differences when mixed with different quantities of water 
and different degrees of ramming. 
| e) Even we had, at the outset, been able to believe that the 
thinnest mortars would be the easiest to ram, and that. strengths 
would thus show themselves in each series which would agree 
| better among themselves, the facts show, that the relative devia- 
‘tions from the rule of the individual results for the various mor- 
tars, as computed from the means, vary in a quite irregular manner. 
The conclusion must here be drawn, that, in one and the same 
laboratory and within the limits within which the experiments 
‘Were made, the degree of agreement of the strengths obtained 
with the 6 prisms of each series is almost independent of the 
composition of the mortar. 


| In conclusion Mr. Frey’s method in its present form does 
not appear calculated to provide a solution of the double problem 


_ : 
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that was set for consideration, and fresh investigations would have 
to be undertaken in order to put the method on a more exact 
footing. It may, indeed, be questioned, whether, with given ramming, 
the proportion of the mixing water cannot be set down as that 
corresponding with the maximum app. spec. gravity. It would, in 
every case, be desirable that each of the members of Committee 
No 42 should make investigations of his own in order to discover 


the best solution of the problem, for the success of their work | 


above all depends upon this. 

We need not, it may be observed, be appalled at the rather 
considerable differences appearing under different conditions in 
the foregoing experiments between the strengths of the mortars, 


= “g 


or be led to base arguments upon them against the adoption of _ 


the plastic mortars The rammed mortars show differences that 
are no less considerable, when they are not produced under 
identically the same conditions, and we saw, some years ago, 
how comparative experiments in a number of German laboratories 
“with rammed mortar made with the same cement,. the same 
sand, and the same ramming apparatus, gave greatly differing 
strengths. 

10. In addition to the work of Mr. Féret, Mr. Petersen has 
carried out some experiments in the testing laboratory in Copen- 
hagen on the method set forth in the President’s circular, with 


the object of determining the influence of the ramming with 60, | 


80, and 100 strokes per minute. In his communication he mentions 


that it would be of interest to simplify the determination of the _ 
ramming of the mortar by laying down the rule that a rammer | 
is not to be used, but that the mortar is to be pressed in by | 


hand alone. 


Mr. Féret’s Table I] shows that this method of production 


gives individual differences which are greater than in the other one | 
11. Such being the state of the question, it could not be of any | 
use to distribute samples of the same cements among the different — 


laboratories. The results would not be certain, since doubt still 


exists as to the best method of determining the quantity of water | 


and the work of ramming. Mr. Frey had this problem investigated 
afresh in the laboratory of the cement-works of which he is ma- 
nager, and he was led to propose a new method for the pro- 


duction of the block-samples, which after being discussed in Basle — 
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with Mr. Féret and the President of the Committee in October, 
1908, was tested with a number of cements in the Federal Testing 
Laboratory in Zurich, and which is used as a check on the daily 
work of manufacture at Luterbach. The following arguments in 
establishment of this method are taken from a notice supplied by 
Director Frey: — 


We had on various occasions established the fact that the 
‘results of the prism-method become more regular when no water 
is allowed to trickle through at the lower part of the mould, and 
have accordingly tried to prevent this or to reduce the leak to a few 
drops. On the other hand it was our endeavour to attain a con- 
stant app. spec. gravity, since the strength varied with this latter. 
The app. spec. gravity of the prism after its production is altered 
by its being kept immersed in water to the greater extent the 
more porous the mortar. The prisms, the increase of weight of 
Which is abnormal, should accordingly be left out of account in 
the’calculation of the results. 


Now instead of the quantity of water being so regulated 
‘that the same ramming and always the same app. spec. gravity 
are attained, a certain quantity of water can be kept constant, 
and in each case the same weight, sand, cement, and water required 
for the exact filling of the 6 divisions of the mould may be made 
use of. The constant app. spec. gravity will then be attained under 
‘the condition that no water shall escape from the lower part of the 
mould. The ramming work will differ somewhat, according to the 
| binding-medium used; but this presents no difficulty, if care only be 
taken that the mortar be made as plastic as possible by working. 
With Swiss standard sand we have chosen the proportion “HU per 
cent of water“, and the plasticity attained might seem to vary to 
a considerable degree with the cement. The experiments undertaken 
have shown that very different qualities of Portland cement may 
be worked up witth this quantity of water without difficulty, and 
‘give the same app. spec. gravity for the prisms. 


The employment of a constant quantity of water seems to be 
in Opposition to the ordinary method, which seeks to attain the 
Same degree of consistency by means of the variation of the 
“quantity of water in the standard mortar. There are good reasons, 
however, for questioning the suitability of these variations. Indeed, 
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since the sand is always the same, only the nature of the cement : 
has an influence on the quantity of the water. A coarsely-ground 
cement will usually require less water than a finely-ground one 
so that the strengths of the former will, in comparison with those | 
of the latter be the greater; on the other hand it would appear tha 
there should be a simple proportion between the quantity of water 
which is used for the standard consistency in the setting test and j 
that of the standard mortar of 1: 8. This, however, is not the case, 
as may be seen when the standard quantities of water for the pur : 4 
cement and for the standard mortar, respectively, are compares 
with one another. With Swiss Portland cement the former will { 
vary between 34 and 23. per cent and the latter between ou 
10 per cent, and this in a quite irregular manner. For these reasons 
it would be an advantage to depart from the principle of the : 
same consistency of the mortar, and, for the filling of the mould, | 
in every case to make use of the same quantity of fresh mortar — 
with a never varying proportion between cement, sand, and wat ce 


It becomes necessary, then, to fix the quantity of the water 
in such a manner that it will be possible to fill the mould and 
ram the mortar without leakage occurring at the bottom. Phe 
proportion of 11 per cent, which was in general attained with 
Swiss standard sand on the application of the method set forth i 
the circular of the President, is found by experience to accord wit 
the conditions above laid down. q 

~The question of the quantity of the water with other standar : 
sands then, remains for solution. In the case of mortar of 1: 8 wi th | 
Swiss standard sand, the theoretical quantity of water necessary i 
for the attainment of a compact mortar that exactly fills the 1 | 
spaces in the sand, is 9°5 per cent, i. e. 1°5 per cent less than — 
for the plastic mortar. For the German standard sand this cat z 
lation would give 10 per cent of water in place of the 11 pe 
cent with the Swiss standard sand. In this respect further expeml 
ments are necessary. ; 

12. The new method would replace the one given in my 
first circular and points Il and III would have to be altered in the d 
following manner: — 4 7 


The Frey, Proposal for the mixing of mortar and th 1 
production of prisms. . 2 
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ll. Mixing of the mortar. For the simultaneous production 
ff six prisms: 


2340 er German standard sand 780 gr cement = 3120 gr or 
22380, Swiss ¥ Pe ho, 3 : cats Uc | leer 
@o(0 | French - Sot OU Ay J = 3160 , 


| 


we to be simultaneously mixed together in a shallow vessel 
try, following which, 


with German standard sand, 10 per cent = 312 gr of water or 
Swiss 2 pa S| aie Goan gee 


a ” 9 
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5 to be poured on in two portions; the mortar is to be thoroughly 
vorked till it is as plastic as it can be made. 


I. Production of prisms. For one prism one sixth of 
his mortar is weighed out and rammed into the mould, half at 
\ time, with an iron pestle of 1 kg in-weight and of 8x38 cm 
tamping-end surface. To begin with, the mass of mortar is rammed 
mnly to such a degree that it goes into the mould and stands 
“omewhat above it. Not till all the six divisions of the mould are 
hus filled, is the ramming completed, care being thereby taken: — 


1. That, as a sign of complete binding, the slime formation 
yn the tops of the individual prisms has taken peace, and 
2, that no water, or not more than a drop here and there, 
ippear at the bottom of the mould on the completion of the 
camming. 

After being kept for 48 hours in moist air, the mould is 
aken asunder, and the prisms are kept under water until just 
peore the test. | | 
The Members of the Committee have been invited to examine 
hese altered methods, and it is to be wished that at the next 
neeting of the Congress it may be possible to base the discussion 
ipon completed experiments, so that a uniform method for the 
esting of cement may be arrived at. 

It is scarcely probable that the hydraulic limes can be tested 
n the same manner; for it is, above all things, a uniform method 
or the testing of cements and especially of Portland cements, that 
$ required. 
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The conclusions which can at this stage be drawn by | 
Reporter from the experiments made, may be summarized in the 
following manner: | 

1. The testing of cements by means of prisms made fro 
plastic mortar, is distinguished by its extreme simplicity and 
the great advantage, that both bending and compression tests 
be obtained from the same block-samples. This testing a 
the solution of the question as to equal capacity of the tensile 
and compression test samples. 

2. The individual differences compared with the mean, 
smaller by this method than by the use of tensile test sam 
of 8 shape. For compression tests, there is no considerable | 
difference between the individual deviations and the mean valu | 
given by the results with cubes or with prisms. . a 

3. The smaller strength figures given by the prism mietil 
correspond better with the strengths which have to be dealt - 1 
in practice, than do the high degrees of strength of mortar of 
earth-moist consistency subjected to hard ramming. : 

4. The difficulty of exactly determining the mixing - water 
and the work of ramming is solved in a satisfactory manner by 
the Frey proposal, which consists in the exact filling of the 6 divisi 
of the mould without the separation of water, so that with ev 
cement the same weights of the latter, of the sand, and of 
water are used, in order in this way to attain the same apa spe | 
gravity of the test samples with fresh mortar. _ 

5. Finally, the testing method with prisms gives the E. 
pression tests the importance which they deserve, and which 
exceeds that of the tensile and bending strengths, whether 
reason of their regard to regularity or of their practical importat 
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HARDNESS TESTS. 


Official report by Dr. techn. P. Ludwik, of Vienna. 
(Translated from the German by Dr, H. Borns, London.) 


| The discussion of hardness tests by the Brussels International 
| Congress for Testing Materials of 1906 brought out the fact that, 
of the many, scientifically often most interesting methods, —e.g.those 
of Hertz-Auerbach- -Foppl’), HauBner?), Kick’), Rabe 
and Martens®) — the ballpressure tests alone seemic to have 
been introduced into technical practice in a greater extension. 


For this reason — and on account also of the limited space at 
my disposal — I shall confine myself to a review of these tests 


1) , Zeitschrift d. dsterr, Ingenieur- u. Architekten-Vereines“, 1907, Nr. 11 u.12. 
*) Haufner has shown that the hardness depends equally upon the 
Compression limit and the resistance to shearing (comp. Note 85), and he defined 
hardness as the resistance to planing per mm? for a cutting angle of 90°. (,Osterr. 
Zeitschrift fir Berg- und Hiittenwesen*, 1892, Nr. 82 und 33) 
: 3) Kick measures the hardness by the resistance to shearing, presuming 
_that the specimen is as tightly enclosed as possible on all sides, (, Zeitschrift des 
Osterr, Ingenieur- und Architekten- Vereines*, 1890, p. 1.) 
*) Kirsch determines the hardness from the specific load (in kg/mm?) required 
to force a cylindrical steel plunger of 5 mm diameter by 0,01 mm permanently 
“into the material. The depth of penetration is ascertained with the aid of a 
“mirror apparatus, (Mitteilungen des k. k. technolog. Gewerbemuseums, Vienna, 
1891, p. 108.) 
*) Martens measures the scratch-hardness by the load (in grammes) under 
Which a conical diamond (apex anglo 90°) produces a scratch 0,01 mm in width. 
Btungsberichte des Vereines zur Beférderung des GewerbefleiSes, 1889, p. 197; 
Mitteilungen aus den kel. technischen Versuchsanstalten zu Berlin, 1890, p. 215.) 
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and of some, then still unknown methods, the cognate cone- 
pressure tests. 


A. Ball-pressure Tests. 


. 


They are applied in determining the hardness of plastic 


materials such as iron and Steel. 

In the original Brinell test®) a hard ball of steel is fore 
by quiet pressure into the material to be examined, the diameter 
of the spherical impression is determined, as a rule with the aid 


of a special microscope, and the area of the cavity is calculated, 


The quotient of pressure (in kg) by the area (in mm?) is Brinell’s 
Hardness Number H. 

According to the researches of Ast’), Benedicks§), Breuil%) 
Brinell'), Le Chatelier!!), Dillner?!*), Leon), Malmstrommas 


E Meyer), Rejt616) and others, this hardness number is in- 


fluenced by the size of the ball and by the load; smaller balls” 


at equal loads, and greater loads with equal balls yielded greater 
hardness numbers. 


Figs. 1 and 2, exemplify the dependence of the hardness 


number (for balls of 10 mm diameter) upon the diameter of the 
impression circle and the magnitude of the load respectively, 


Fig. 1 concerns annealed tool steel!”); the abscissae are the 


diameters d of the impression circles, the ordinates the corresponding: 


6) Compare: P. Ludwik: ,Uber Hartebestimmung mittelst der Brinellschen 
Kugeldruckprobe und verwandter Eindruckverfahren*, ,Zeitschrift des Oster | 
Ingenieur- und Architekten-Vereines“, 1907, Nr. 11 und 12 (Nr. 12, p. 205 exten- 


sive literature references), 
1) Brussels Intern. Congress, 1906, Report on Problem 2, p. 18. 


8) ,Recherches physiques et physico-chimiques sur l’acier au carbone.® 
Upsala 1904. 


%) ,Essais de divers métaux par la méthode de Brinell.“ Congres de 


Bruxelles 1906, Rapport non-officiel. 
10) ,Baumaterialienkunde*, 1900 and elsewhere. 
11) ,Revue de Métallurgie“, 1906, Nr. 2. 
12) Brussels Intern. Congress, 1906, Report on Problem Q7. 
18) ,Stahl und Eisen“, 1907, Nr. 50, p. 1820. 
't) ,Dinglers polytechn. Journal‘, 1907, No 3, pag. 34. 
15) Zeitschrift d. Vereines deutscher Ingenieure“, 1908, Nr. 17, 19, 21 and 
52 (add.), (Also ,Physikal, Zeitschrift“, 1908, Nr. 2.) 
16) ,Baumaterialienkunde“, 1907, Nr. 17/20. 
17) See Note 6. 
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hardness numbers H. The dotted curves of Fig. 2 concern steels 
containing from 0.08 to 1.13 percent of carbon; the abscissae are 
the loads up to 5 tons, the ordinates again the H. 

Since this dependence of the hardness number upon the 
pressure would influence not only the absolute values of the 
numbers, but even their sequence, 
Brinell suggested to fix the loads, 
recommending 3000 kg for iron and 
steel and 500 kg for other metals 
and alloys; the size of the balls to 
be 10 mm in both cases. 

But equal loads produce different 
cavities in material of different 
qardness (shallow cavities in hard 
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substances, hemispherical cavities in 
softer substances), and hence also 
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lifferent cold work “flow phenomena‘). The two effects in fact 
lardly admit of direct comparison. This particularity of the Brinell 
est becomes especially striking, when comparative tests are made 
mM specimens of strongly differing hardnesses; while it may practi- 
‘ally not make itself felt at all, when the specimens are of fairly 
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equal hardnesses, e. g. in homogeneity tests and in the control 
tests of iron and steel processes. 

Quite recently E. Meyer?§) has proposed to refer the 
hardness number not to the unit area of the spherical cavity, but 
to the unit area of the impression circle, as only the latter had a 
, physical significance”. 

In practical application this method labours under the dis- 
advantages that in the first place, it accentuates the justmentioned 
defect of the ball test which E. Meyer!) himself emphasises, and 
in the second instance, that it excludes one frequently very 
appropriate way of conducting this test, by the determination of | 
the depth of the cavity?°). | 

In my opinion the Brinell test might, in many technical _ 
applications?!), be improved by making the angle # not smaller — 


18) See Note 15. 

19) The experiments of E. Meyer (Zeitschrift des Vereines deutscher Inge- _ 
nieure, 1908, No 17, 19, 21, 52) show that the load P may, within wide limits, very 
well be expressed as a function of the diameter of the impression circle, d ana- 
logous to Féppl’s pressure cylinder method, the equation being P =a dn whereais © 
proportional to the hardness, and 7 ranged from 1,91 to 2,38; for the cone test 
is always 2. According to E. Meyer therefore, “the hardness quality of a sub- | 
stance can, in the ball test, not be expressed by a single quantity, and the 
statement of a single hardness number for a certain load, even if the load be | 
generally agreed upon, is merely a practical expedient, with which we may often | 
be satisfied. however. When we wish to investigate the behaviour of a substance | 
with the aid of the ball-pressure test, the constants a aud 7 must be determined 
by about 5 experiments at different loads,“ | 

20) When the diameter of the impression grows from 1 to 8 mm, the hard- | 
ness number referred to the area of this circle would in the case of grey cast | 
iron increase by about 130°), e. g. (compare , Zeitschr, Verein deutsch, Ingen.”, | 
1908, pages 646 to 651). In order to compensate so far as possible for the variation j 
of the hardness number with the dimensions of the impression, Brinell has | 
referred the hardness number to the area of the cavity, and not of the impression | 
circle (the latter would have been natural, since he measured the diameter). 

21) With materials that are not too hard; because otherwise better defined — 
(less shallow) impressions would involve a eg wear of the ball, while shallow ~ 
impressions might lead to errors in the depth measurement, For this latter reason ~ 
ball tests by depth measurement are in general not advisable (except when the ( 
A. Martens apparatus presently to be mentioned is used) for narrow or thin 
specimens and in cases, where the determination of the surface hardness is the 
chief object, or when the test piece should not be damaged more than can | 
be helped. | 
The objection has ben raised that sharp impressions should in so far be 
less suitable than shallow ones, because in the former case we do not determine 
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than 90°, but somewhat greater than 90° (compare Fig. 8). The 
spherical area f would, in that case, not subsequently be deduced 
from the diameter of the impression circle, but at once (excluding 
the marginal extrusion) from the depth ¢ of the cavity (compare 
Fig. 3), the formula being f= 2Dt in which D is the diameter 
of the ball. The impression will approximately be of the same 
size, but more sharply defined, and the operation will be 
quicker, while equally accurate. A very simple instrument for 
determining the penetration, applicable both for ball and for cone tests, 
will be described in the next section; the instrument admits of 
determining, expeditiously 

and easily, depths up to 

5 mm within 0.01 mm. 
In examining iron and 
steel by this method, 1/, “ 
balls should be applied, d 
lest, the impressions be- Sein 
come too shallow, or Eee ae 
It should be pointed J WH: Ye 

out that measurements of 
the diameter — and of the 
jdepth — frequently yield 
very different hardness 
numbers and even series of figures in different sequence, owing to 
the marginal extrusion and the different character of the impressions; 
the former method requires weaker impressions, the latter on the 
whole stronger impressions (compare note 21). This feature is 
‘drastically brought out by the deviation of the dotted curves from 
the full-line curves of Fig. 2. The dotted curves have already been 
explained. The full-line curves concern the same materials and 


the hardness of the original material, but of the material aitered by being strained 
in the cold, This objection does not, in my opinion, appear to the point, I should, 
on the contrary, consider this alteration as advantageous in many cases, because 
the resulting flow phenomena resemble the conditions of scratching and of woking 
with tools. When the impressions are very shallow, moreover, the accidental 
condition of the surface, which is much influenced by external circumstances, 
will affect the hardness and make the test a less reliable and more arbitrary 
‘criterion of technical quality. 
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the same loads; but the hardness numbers have been deduced 
from the depths of the cavities (instead of from the diameters) and 
refer to 1/,“ balls (not to 10 mm balls). 

For the exact measurements of very small cavity depths (up 


to 0,6 mm) A. Martens?) has constructed a ball apparatus, which 
allows of determining differences of 0,01 mm with a degree of 
accuracy which no other apparatus approaches. Experiments con- 
ducted by A. Martens and E. Heyn*3) show that, with balls 
of 5mm diameter, the ratio between load and depth of cavity 
may be regarded_as constant within the depth range of 0,05 mm. 
Martens, therefore, determines the hardness from the load which 
is required to force a ball of 5 mm to a depth of 0,05 mm into 
the specimen. The applied pressure (up to 2500 kg) is the hydraulic 
pressure of any water main (to which the apparatus is directly 
joined). Want of space prevents my entering into details of this 
exceedingly interesting instrument of A. Martens (compare the 
Congress paper by A. Martens and E. Heyn). 


As regards the testing of specially hardened steels I should 
particularly refer to the fundamental researches of Rasch and 
Stribeck*4). Stribeck has also dealt at length with the influence 
which adhesion and the differences in the hardness of the two 
bodies which are pressed against one another (ball against solid 
sphere, hollow sphere, or plane plate) exercise upon the mean 


compression in the contact surface which is defined as the pressure- 


hardness (“Druckharte“). 


For wood testing G. Janka®>) has modified the Brinell test 


in such a manner that he determines the pressure required to force 
a hemispherical ball of steel (1 cm? sectional area), fixed to the 


22) Sitzungsberichte der kgl. Akademie der Wissenschaften, Berlin, 1905, 


S. 1035. Verhandlungen des Vereines zur Beférderung des Gewerbefleifes yom | 


5. Marz 1906. ,Z. d, V. d. 1.4, 1908, S. 1719. 


23) A. Martens und E. Heyn: ,Vorrichtung zur vereinfachten Prifung — 
der Kugeldruckharte und die damit erzielten Ergebnisse‘, ,Z. d. V. d. 1“, 1908, | 


S. 1719. 


maschinen und Werkzeuge“, 1899, No 19 and 20. 


R. Stribeck: ,Prifverfahren fiir geharteten Stahl unter Berticksichtigung | 


der Kugelform*, ,Z. d. V. d. I“, 1907, 1445, 1500 and 1542. 


4) E, Rasch: ,Priifung von Gufstahlkugeln‘, ,Zeitschrift fir Werkzeug- 


25) G. Janka: ,Die Harte des Holzes*, Mitteilungen der k, k. forstlichen 


Versuchsanstalt in Mariabrunn*, Wien 1906, Wilhelm Frick. 
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pressure plate, completely into the wood under examination. The 


suddenly accelerated rise of the pressure gauge indicates the moment, 


when the ball has entirely been embedded?®), 


The method of Shore?’) differs in principle from those so 
far mentioned. He deduces the hardness from the height of resilience 
of a hard steel ball which falls from a certain height upon the 


plane surface of the specimen. Shore’s hardness numbers are 


influenced by the elasticity of the material. 


B. Cone-Pressure Tests. 


The cone-pressure test marks a transition from the ball- 


pressure methods to scratch methods. It is the outcome of efforts 


to simplify the Brinell test with the further object of making the 


hardness number independent of the load and of the dimensions 
of the impression. The cause of this dependence, we conclude 


directly from Kick’s law of proportional resistances, is merely the 


geometrical dissimilarity of the impressions produced. Hardness 
numbers always independent of the load can only be realised, if 


the impressions remain geometrically similar for all loads. That 


-will be so when the ball is replaced by a cone. This is the 


leading idea of the recently proposed cone-pressure test 8), 


Pke 


The “cone-pressure hardness“ (se) of a material is 
fmm 


defined as that pressure P in kg per mm? of permanent impression 


2 


4 


Cie 
farea f— 7 ip 21.11 ad? = 4.44 #, compare Fig. 4) which is 


required to force a cone of apex angle a = 90° normally to any 


26) After concluding this report G, Janka published further experiments 
Which elucidate the relations between the ball- pressure and the cone-pressure 


hardness on the one hand, and on the other hand the strength, density and 


hardness of various woods (,Uber Holzhartepriifung*, Mitteilungen der k. k, forst- 


lichen Versuchsanstalt in Mariabrunn, Vienna 1908, W. Frick.) 
27) See “American Machinist“, 1907, Nov. 30., p. 747/51, 1908, May 16., 


_ p. 675/78 and Nov. 28., p. 709/10. 1909, March 6, p. 222/28. 


28) P, Ludwik: ,Uber Hiartebestimmung mittels der Brinellschen Kugel- 
druckprobe undjverwandter Eindruckverfahren“, , Zeitschrift des dsterr. Ingenieur- 


und Architekten-Vereines*, 1907, No 11 and 12 and ,Baumaterialienkunde‘, 1907, 


_No8to10. P. Ludwik: ,Die Kegelprobe, ein neues Verfahren zur Hartebestimmung 


von Materialien*, Berlin 1908, Julius Springer. 
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depth into the material. The area of impression is deduced, during 
the test, by measuring the depth. The subsequent measurement 
(by means of a special microscope) of the Brinell impression is 
hence dispensed with, and the operation is all the more simplified, 
as it is possible to make several determinations during a single 
penetration; thus a mean value is obtained. 
Wen the hardness is derived from the diameter of the impression 
(not from the depth), the resulting hardness numbers must likewise 
be independent of the load?%), although they might eventually 
(owing to the different development of the marginal extrusion in 
different materials) lead to different sequences. 
In Fig. 2 the full straight lines 


cone-pressure hardness numbers as 
deduced from the depths of the 
impression, and the dotted straight 
lines indicate the values as deduced 
from the impression diameters. 


applicable even for materials which 
__ do not show welldefined impres- 
:¢ sion margins. The diameter measure- 


small impressions have to be used, 
since in that case the measurement 


to faulty adjustment of the zero, 
because the point was rounded off, the cone not completely 
balanced, or applied under impact; considerable errors might arise 
in this way. 


indicate, for the materials stated, the 


The depth measurement is_ | 
more expeditious and more-over — 


-4 ment is hence preferable only, when | 


of the depth may be inexact owing — | 


The firm: of J. Amsler-Lation &s 0p tm Schaffhausen, 


Switzerland, supplies special instruments for these cone tests, as 
suggested by the author; the apparatus may directly be combined 
with the press of any Brinell ball-test instruments. 


20) This follows directly also from the fact experimentally confirmed by 
E. Meyer that the marginal extrusions remain geometrically similar with 
different loads. (Compare ,Zeitschr. d. Vereins deutsch. Ingenieure®, 1908, Ne 52, 
p. 2077.) 
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In the Amsler-Laffon instrument a cylindrical steel centre- 
punch, plane above, ground to a right-angled cone below, is 
vertically mounted in a casing of bronze, in which it is free to 
turn; it is balanced by a lateral spring. The displacement of the 
cone (with regard to the casing) is transferred to a pointer by the 
intermediation of an elastic threaded bushing and a toothed wheel; 
the pointer allows of easily reading depths up to 5 mm within 
0,01 mm, as was already stated. The pointer is accurately adjusted 
by turning it with the aid of the milled edge of the bushing, in case 
the top of the specimen 
should not be perfectly 
plane. The cone can 
easily be exchanged 
and be re-ground. 
The whole instrument 
weighs 0,7 kg (14/, lbs, 
_and its height, reckoned 
_ from the upper pressure 
| plate to the surface of 
the specimen, is about 
10 cm (4"). 

Further informa- 
tion will be found in 
the book ,Die Kegel- 
| Brobe- °°), in’ which 
the method of con- 
ducting the test, the 
| influences of the cone- 
. inclination and of blunt 
| points, the relation between cone-pressure hardness and_ yield 
point of iron and steel, the cone-impact test, and other features 
are fully discussed. 


Fig. 5. 


| ‘When the conical punch is replaced by a cylinder, to the 
lower end of which a ball is fixed (by means of wax or a spring), 
this instrument can also serve for ball-pressure tests. The hardness 
number then results from the depth in mm (read after taking-off 


30) P. Ludwik: ,Die Kegelprobe, ein neues Verfahren zur Hartebestimmung 
von Materialien*, Berlin 1908, Julius Springer. . 
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the load) and from the formula H=P/x Dt, where P is the load 


in kg, and D the ball diameter in mm. 

The ranges of applicability of the ball and cone instruments 
are, on the whole, the same. For very hard materials the ball test 
will be preferable, as the ball is more durable than the conical 
point; with brittle materials the cone test will deserve preference, 
as it resembles the scratch method and can be applied where ball 
tests would fail. 


C. Relations between the Ball-Pressure Hardness and the 
Cone-Pressure Hardness and the Strength of Metals. 


The question, whether the hardness numbers of a material, 
obtained by these two methods, admit of any general conclusions 
respecting the strength of the material, and in particular the yield 
point and the “tensile strength“, is of high practical interest. If the 
directly applicable and inexpensive hardness tests could replace 
the expensive testing on machines which necessitate elaborate 
preparation. of the specimens, a considerable advantage would have 
been gained, especially as regards the commercial testing of iron 
and steel. 

As there is no time for discussing these important and far- 
reaching problems, I shall only allude to the practical results of 
some of the respective researches®!), A direct constant relation 


between yield point and tensile strength on the one side, and hard- | 


ness (as determined by ball or cone tests) on the other, can not 
exist, since that relation would, among other factors, depend upon 
the shape of the impression and of the stress-strain diagram**) 


31) Comparative tensile tests and ball tests were conducted by Ast, Breuil, 
Brinell, Charpy, Dillner (Brussels Congress, 1906), Kiirth (, Zeitschr, d. Vereines 
deutsch, Ingen.“, 1908, No 39 and 40). H. Le Chatelier (Revue de Métallurgie 1906, 
No 2), Leon (Stahl und Eisen, 1907, No 50) and others. 


As regards the relations between hardness and extension, compression, and | 


torsion diagrams, compare P. Ludwik, ,Uber die Grundlagen der technologischen 
Mechanik“, ,Osterr. Wochenschrift f. d. éffentl. Baudienst“, 1908, No 42 p. 762. 

82) An inflection near the yield point suffices to affect the former relation. 
Compare. A, Leon, ,Uber die Beziechung der Kegeldruckharte zur Streckgrenze 
bei Eisen und Stahl‘, Stahl und Eisen, 1907, No 50. : 

The relations between hardness and yield point will, particularly with 
shallow impressions, be less dependent upon the stress-strain curve, of course, 
than the relation of hardness to tensile strength, compare note 39d. 

This dependence explains also, why A. Kiirth,; when determining the 
hardness of stretched copper rods, found with shallower ball impressions and 
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and, in the case of the tensile strengh and hardness of materials 
which do not contract (non-ductile), also upon the cohesion®3). 

This admission does not, howewer, at all exclude the possi- 
bility of deducing from the hardness number — with the aid of a 
coefficient which will only hold for the respective groups of similar 
materials — the yield point and the tensile strength with an appro- 
ximation which will frequently be sufficient for practical purposes?'), 
| It should, moreover, be pointed out that for materials 
which undergo contraction — that is to say, for most metals 
(compare Note 83) — the “tensile strength“ can not really 
claim that importance as a quality criterion which is at present 
ascribed to it, especially by metallurgists. The ,tensile strength“ 
gives, for such materials, frequently not even approximately the 
maximum specific breaking stress of the material (the latter is, in 
the case of mild steel, nearly twice the test value) but merely — 
like the impression hardness and scratch hardness*>) — 
a mean specific shearing resistance, which is moreover 


larger elongations (and therefore a more uniform type of “flow curve“) a more 
satisfactory agreement between the variations of the hardness and the yield point, 
than with deeper impressions and smaller elongations. (Zeitschr. Verein deutsch, 
Ing., 1908, Nr. 39.) 

‘Since with continued working of a material in the cold the relation of the 
yield point (which will be raised) to the tensile strength varies, the relation of 
hardness to tensile strength must necessarily likewise be influenced by the 
drevious treatment in the cold. (Compare ibid, 1908, No- 40.) 
| 33) In materials which do not contract (non-ductile materials) the tensile 
strength is materially influenced by the cohesion; in (ductile) materials which 
‘contract, the cohesion is only overcome after the maximum load has been reached; 
in the latter case, therefore, the two quantities are independent of one another, 

84) For instance, with railway rails. The Prussian Railway Department 
stipulates for rails of a minimum tensile strength of 60 kg/mm? (38 tons per sq. 
linch) with balls of 19 mm (*/, inch) diameter and 50 tons loads, impression depths 
of from 3,5 to 5,5 mm, for rails of a minimum tensile strength of 70 kg/mm2 
(44,5 tons per sq inch) impressions depths ranging from 3 to 5 mm. Breaking 
tests and ball tests have to be made in equal numbers. (Zentralblatt der Bauver- 
waltung, 1908, No. 77, p. 520.) 

35) Every permanent change of shape is due to a permanent relative dis- 
placement of the particles, The displacement is opposed by the ,internal friction“ 
which is to be regarded as aspecific resistance to shearing, The higher the initial 
friction, the harder the “original* material, The more the friction increases with 
the specific shear, and the steeper therefore the flow curve, the more intense 
will be the cold hardening which the material will undergo with increasing 


deformation, and the greater will be the deformation resistance to a continued 
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essentially affected by the rate of increase of the resistance to 
deformation with the elongation (the shape of the “flow curve), 
| It would therefore appear advisable to substitute, in many cases 
of contracting (ductile) materials, the much simpler and cheaper 
ball-pressure- and cone-pressure hardness tests for the tests which 
exclusively yield the tensile strength. | 


‘ 


working in the cold, (Compare P, Ludwik ‘Uber Grundlagen der technologischen 
Mechanik‘, , Osterr. Wochenschrift f. d. dffentl. Baudienst*, 1908, No. 42, p. 763.) 


This view concerning the hardness problem seems very well to express 
the difference in principle existing between the various methods of hardness 
tests for plastic materials. Thus, for instance, the elastic limit and the yield point 
(method of Kirsch) measure the resistance to shearing resulting at minimum specific 
shear stress, and the shearing strength (method of Kick) measures the maximum 
specific shear stress; in the former case we deal with the minimum or original 
hardness, in the latter case (theoretically at least, under pure shear) with the 
maximum hardness. With the “impression-methods* we always find a mean 
specific resistance to shearing, since the locally produced specific shear strains 
will differ according to the shape of the impression, The specific shear re 


sistances (internal friction) which are called forth will all the less deviate | 


from one another, the shallower the resulting impression and the “flow curve* 


of the material. All the less consequently, the “impression hardness“ will differ 
from the “original hardness*, (Compare also P. Ludwik »Uber Zihigkeit und — 
Schmeidigkeit*, Zeitschrift fir Werkzeugmaschinen und Werkzeuge, 1908, No- 23, | 


p: 329.) 


directions, appears to me to be of minor importance for this question in the case 


of plastic materials, since the internal friction seems relatively little to be influenced 
by the normal stress within the range of the stresses to be considered in this | 


connection. 


That brittle materials in particular, when under stresses distributed in all 
directions about an axis, may appear to behave in an essentially different manner | 
than when under ordinary tension and compression tests, as Kick has so beautifully | 
demonstrated, will mainly by due to the circumstance that in their case the cohesion | 
limits cannot be exceeded by tension. (Compare B, Kirsch , Uber den Flissigkeits- 
grad fester Kérper‘, Zeitschr, d. dsterr. Ingen,- u. Architektenvereins, 1896 No. 11). | 
As regards “scratching methods* for plastic materials the relation between scrateh- _ 


hardners and mean specific resistance to shearing has been elucidated by the fe- 


markable work of Haufner on planing metals; Haufner proved that the scrateh- 
hardness depends equally upon the compression limit and the resistance to shearing. | 
(Comp. A. HauSner, “Hobeln und Harte , Osterr. Zschr, fiir Berg- u. Hiitten- 


wesen, 1892, pp. 879 and 397.) 


Ea f 
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The circumstance, that the yield point is observed under a uni-directional | 
stress, whilst the “impression hardness‘ is observed under stresses in all 
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SIMPLIFIED BALL- HARDNESS TESTING 
MACHINE AND RESULTS OBTAINED — 
THEREWITH. *) 


By A. Martens and E. Heyn, Gr.-Lichterfelde W. 
Translated from the German by Dr. H. Borns, London. 


Communication from the Royal Materialprifungsamt at Gross-Lichterfelde near Berlin.) 


‘In determining the hardness number after Brinell a steel 
yall of a certain diameter D is forced under a certain pressure P 
nto the respective material. The diameter d of the impression 
yroduced is measured by the aid of the microscope or of a special 
measuring device. The depth of the cavity is then calculated from 


he formula era, Pe =| 
D? d? 
= | reel 


und the hardness number /7 is stated as ratio of pressure P to 
he area of the spherical surface x Dh, such that 


Pe 
— ers ’ . . ° ea rs a aay 


. The deduction of h from the measured diameter of the im- 
yression according to the formula 


Sodusd D D?2 d2. 
Wy & ahs 4 


S based upon the hypothesis, that the radius of curvature R of 


i. mic tena Oar 
he spherical impression be equal to the radius ay of the unloaded 


*) Extract from memoir published in the “Mitteilungen iiber Forschungs- 
wheiten des Vereines deutscher Ingenieure*. 
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ball. This hypothesis is not justified however. For owing to the 
elastic flattening of the ball, & will in general be greater than 7 


It results that the calculated value of the area of the 
spherical calotte has nothing to do with the real area surface of 
the impression, and that the value derived from formula (1) which 
refers to the pressure enacted upon unit area of this calculated 
calotte, has no physical significance. 

The idea suggested itself hence to avoid the elaborate 
calculation of h from the measured value of d and to measure h, 
the depth of the cavity, directly. The Martens hardness-tester 
described in the following lines, has been designed for this purpose. 
The observation of h does not require the use of a microscope; 
h is read off from the height of a mercury column in a capillary. 

In a recent publication E. Meyer?) defines the ball-test 
hardness p» as the mean pressure upon the unit area of the 
impression circle, i. e., upon the unit area of the projection of, 

‘ee 
the calotte Pn = T 4p Ck ae en 


This definition enables us to dispense with the calculation of the, 
surface of the calotte. The method yet labours under the difficulty | 
of determining the diameter d. E. Meyer rightly emphasises that 
one single value of p,, for a particular pressure P should not be | 
selected for determining the hardness, but that we should represent | 
the relation between p,, and P by a curve, each point of which | 
would equally be entitled to serve as hardness measure. His own 
investigations led him to the relation 


P=ad |. «3 | 
in which a and n are constants for a given material in a definite 
original condition.?) 

The plotting of the whole curve of Meyer can be dispensed 
with when we make use of the device of Martens, because the 
relation between P and the depth of the cavity h is very simple 
for the beginning of the penetration, that is, for small values of P; 


1) “Untersuchungen iiber Harteprifung und Harte“, Zeitschrift des Vereines 
deutscher Ingenieure, 1908, pag. 645, | 
2) Rasch had previously arrived at a similar relation. | 
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n this case the curve is rectilinear so that it is indeed possible 
o deduce the hardness from the straight-line portion of the curve. 
[he hardness number is therefore determined for very small values 
f P. This is an important feature, since we wish to know the 
yardness so far as possible for the original condition of the material, 
ind not for the artificial state into which it has been converted 
yy the deep penetration of the ball (by being worked in the cold). 
| The determination of the depth of penetration h by means 
yf the Martens device can always be accomplished in a very 
‘imple manner. A special advantage is that the pressure of any 
vater supply main will be sufficient for conducting the test. 


A. Description of the Hardness Tester (type Martens).') 


| The machine, which Louis Schopper of Leipzig supplies 
n excellent execution, is illustrated in Fig. 1. 

The machine comprises a 
yydraulic press, in the lower 
yortion, and the appliances for 
neasuring the depth of pene- 
ration h, in the upper portion. 
‘The pressure device is illu- 
strated in section in Fig. 2. 
| The water is taken from 
he main and enters through 
he connection a under the 
eather diaphragm b, over which 
i rubber diaphragm c is placed; 
yoth these discs are held water- 
ight between the base e and 
he cover-plate d of the press. 
Nhen the water is admitted, 
he diaphragms b and e¢ are 


1) Martens first indicated the 
eading features of the design in 
Sitzungsberichte der kgl. Akademie 
ler Wissenschafien*, Berlin 105, 


ag, 1035, and later in the “Verhand- Fic. 1 

; e ee 

ungen des Vereines zur Beforderung 

les Gewerbefleifes“, March 5, 1906. Hardness Tester (type Martens). 


Yi, 
ty 
, 


-Fig, 2. 


II2 


mn 


2: 


LI : 


Press for the Brinell test. | 


raised and the plunger 7 
whose effective area amounts 
to 500 cm? (about 77 sq. in.) 
is put under a definite pres- 
sure P. This pressure is read 
off on the gauge g (fig. 1), 
which is divided into 300 de- 


_prees of 5: kg/emte Wher, 


therefore, the gauge marks z 
degrees, the pressure will be 
ax 
fape 2. kg’. (4). 
The admission of the water 
and the pressure P, are re- 
gulated by the valve h. Since 


the gauge reads up to z= 300, the maximum admissible pressure - 


is 2500 kg. The steel ball 


of 5 mm diameter is attached to the 


head 7 by means of a little wax; ¢ bears against the yoke k, see 


fig. 3 and 4. 


The specimen to be tested is placed upon the table /, which | 
rests in a ball bearing on the upper part of the main adjustment 
screw m. By means of m the distance between the upper edge of the | 
table 2 and the ball is adjusted to the thickness of the specimen. 


Fig, 3 and 4. 


When the hydraulic pres- 


sure P is to be diminished, the | 
valve h is closed and the water | 
cut off, while the hand wheel fy 
establishes communication bet- | 
ween the space under the plun- 

ger f and the water discharge 
pipe a,. For reasons presently | 
to be explained it is advisable’ 
to attach the pressure regulating - 
devices hh, a,, not as indicated 
in fig. 1 to the upper side of the 
yoke, but rather below to the 
table on which the machine 
stands, and to give the discharge. 


pipe a, a slight fall. 
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The appliances for measuring the depth of the penetration 


will be understood from fig. 1, 3. 4. The little steel rods o settle 


on the surface of the specimen; they support on points the steel 
plate p. On this plate rests a piston m,, and on this again, in the 
centre of gravity of the three points support of p the steel piston mo, 
which is ground mercury-tight into its cylinder. Mercury fills the 
Space q above the piston my and part of the capillary r. By the 


aid of the small adjustment piston s (fig. 4) the mercury in r is 
| brought back to zero. When now the pressure P forces the ball n 
| into the specimen, the steel rods o and together with it the parts 
pm, m, will be lifted. Mercury is forced out of qg and rises in 
the capillary r by an amount which is read off on the scale t; 
this amount corresponds to the depth k to which the ball has 
_ penetrated. 


The calibration of r is effected with the aid of a micrometer 


screw, which is supplied with the apparatus and is placed on the 
| main adjustement screw m instead of the table t. This screw fits 
into the threaded nut m, and is provided with -an indexed head, 
while the part m, of m bears the zero mark. The head of the 
micrometer screw is moved up together with the main screw m, 
until it begins to lift the rods o of the depth indicator. The mer- 


cury in its capillary r is adjusted to zero by means of the piston s. 


By turning the head of the micrometer.screw the little rods o 


es 


are then raised by definite amounts, and the corresponding heights 
of the mercury in r are read off. Afterwards the micrometer screw 
is turned in the opposite direction, and the readings are repeated 
while the mercury level is lowered. 


The weight of the mercury column on the depth indicator 
throws a pressure on the test specimen which counteracts the 
pressure P. With the maximum penetration depth A this counter- 
pressure does not amount to more than 3 kg, however, and it is 


considerably smaller with smaller values of h; this factor may 


hence be disregarded. 

The elastic deformations resulting in the depth indicator under 
the observed pressure due, e. g. to elastic compression of the rods 0 
or to elastic strains of the point-bearing of the steel plate p, cannot 
affect the determination of the depth h, since they were already 
taken into account when the scale ¢ was calibrated by means of 
the micrometer screw. 
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B. Resultats obtained with the Hardness-Tester (type Martens) 
and their Interpretation. 


When the specimen is put under a ball-pressure P, the 
mercury in the depth indicator will rise by hk‘ mm. This rise his, 
however, not immediately equal to the permanent depth of pene- 
tration h of the ball; the value hk‘ comprises, in adtition to h, the 
amount hf; due to elastic deformations in the apparatus and to 
‘elastic compression of the ball. The elastic depression of the 
specimen itself may further have to be considered. 


When the ball is forced into a substance under increasing 
pressure, the relation between the pressure P and the position of 
the depth indicator is represented by the curve O A in Fig. 5, in 


iba Bit A 
Curve M = putting the ; 


load on. 


Curve V = taking the 
load off. 


mm Depth of penetration. 


Fig. 5. 


which the pressures are the ordinates and the positions of the 
depth indicator the abscissae. At the point A the position of the 
depth indicator h‘ corresponds to the pressure P. If we now close 
the water admission valve and gradually open the discharge valve, 
the pressure will diminish in the gauge, and the mercury of the 
depth indicator will go down at the same time. But the curve 4 B 
(taking the load off) will be different from OA (putting the load 
on). In releasing the load the mercury will descend slowly and 
will, at pressure zero, remain for some time at the level h corre- 
sponding to the point B; later, when the outlet is fully opened, 
the mercury level will quite go down to zero. The length OB=h 
will correspond to the actual permanent depth of penetration of 
the ball. The length BC=h, will correspond to the elastic de- 
formations of the device, of the ball, and of the specimen itself. 


Ey ae 


II2 


In order that the indicator will temporarily stop at B, when P 
is taken off, the outlet of the discharge pipe is advantageously 
placed at a slightly lower level than the leather diaphragm of the 
press. The control of the point B may also be effected in the 
following manner. The specimen is lowered, by the aid of the 
adjustment screw m, until it is quite out of contact with the ball; 
m is then raised again, until contact is just established once more. 
The level of the mercury will then again be A. 


It will be understood that the ordinary manipulation of the 
machine does not require the determination of the elastic defor- 
mations he, which are eliminated. 


The device admits, however, of determining these alterations. 
We will only point out on this occasion that the ball may elastically 
be flattened to a considerable extent; the fiattening may indeed 
amount to 80 per cent and more of the value of the permanent 
penetration’ h. This fattening is comparatively greater with smaller 
pressures than with higher pressures, and greater with hard than 
with soft test-materials. 


The question is, in which way the depth of penetration h 
indicated by the Martens hardness-tester, characterises the hardness 
of the material. 

We might, in accordance with Brinell, express the hardness 

2 
by the quotient —.. in which r is the radius of the ball when 
“not under load. But this product 2x7 does not correspond to the 
surface of the impression calotte, which is 22 Hh, in which & is 
the radius of curvature of the impression and variable with P. In 
2 

the quotient Sy we have hence » as arbitrary constant. It 
appears simpler, therefore, to base the hardness scale directly on 
the ratio of pressure P to depth of penetration h. As this ratio 
will vary with the radius of the ball, it is suitable always to use 
a ball of a certain diameter, viz. 5 mm. If greater balls were to 
be applied, we should sacrifice the advantage of this machine, 
that it can take its hydraulic water from any water main. 

When we plot the pressure /’ for different materials as 
ordinates against the abscissae of the penetration depth h, we 
Obtain curves as in the diagram Fig. 6. 
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The productions of the curves pass through the origin. For 
low pressures the curve approaches a straight line G; for higher 
pressures the curve deviates from the straight line, mostly upward, 
more rarely downward. — | 

It is not necessary hence to characterise the hardness by 
the entire function P= f (hk). It will suffice to determine the 
pressure P for some very small penetration k,, which is smaller 
than O D in fig. 6, and for which therefore P= /f (h) may with 
sufficient accuracy be regarded as a straight line. For the hardness- 
tester described and for the 5 mm ball the suitable value of % has 
been found to beh, = 0,05 mm. The hardness scale is hence 
designated by the pressure P 0,05 required to force @ 
ball of 5 mm diameter to a depth of 0,05 mm into the 
material. 


Pressure kg. 


Depth of penetration. 


A min 


Fig. 6. 


The complete memoir publishes details of a series of tests 
with different materials, and attention is drawn to the strong 
after effects (set phenomena) observed in some materials (tin, 
magnesium, white metal). If we work with small penetration depth h, 
however, such as the 0,05 mm proposed, the after-effect will no 
longer be measurable a few minutes after the application of the 
pressure; the effect will only become appreciable with higher 
pressures. : 

The memoir also refers to tests conducted with copper im 


order to investigate the influence of thermal treatment upon the 
result of the hardness-tests. | 


When we group the materials examined in the order of their 
increasing ball hardness P.0,05, we come to the following series: 


er gi tte 


5 4b | 
2 Metal and its Condition 332s Remarks on Composition | 
2 kg | 
. SSE Gees eee 
STS SS lee te 14 | 
2] White metal for bearings, cooled slowly al-|. Sn'.83,b; Sb 11,1> Cu 5/4 | 
Mee aminivmir coef I3h. VA 25 
4] Magnesium .. ie x 26 
5] White metal, nnled: Sa tae ers 26 | as 2 | 
6G] Antimony ..... 27 | 
_ 7| Fire-box copper, eriented at “9000 : 30 | 
ae § A » BOO? . 43 | 
Mmnmass cant. (F 70) ssi? oxi fe, 61 | Cu 60,4; Zn 27.1; Sn 1,2; | 
Pb: LL Fen 17 
10] Copper as taken from the fire-box . 81 | copper as in 7 and 8 
11] Bronze for bearings cast in sand)) . 83 | Cu 83,6; Sn 16,0; Zn 0,2: | 
. Pb 0,07; As 0,2 
12] Mild steel, low carbon, S 660... 96 | C 0,07; Si0,06; Mn 0,10; 
P0,010; $0,019; Cu 0,015 | 
118 Bronze for bearings, chilled!) . . . 136 | the same alloy as 11 
V14] Tool steel, S 722, forged ... . . 277 | C 1,03; Si0,26; Mn0,19; | 
| P10,02; 50,038 
oC 
15] } 600 | 260 | } | 
to to | 
700 277 C 095 | 
16 Tool steel S 774 500 440 Si 0.35 
17 quenched in water } 400 d95 \ Mn 0.17 
18 at 900°C, andthen } 275 | 1060 eG 
19 tempered at 200 2285 s 0.024 
| 20 100 2775 ‘ 
not 
21 J { tempered 2115 j 


1) The ball impression deviated so much from circles that measurement of the 


diameters appeared impossible; the h could easely be determined with the hardness- 
tester, however ‘ 


5 ; | 


We should finally explain the physical significance of the 


circumstance that the curve P = f (h) approaches a straight line G 


for low pressures, and that this line G passes through the origin 
and is determined by the equation P = Ch, where C is constant. 


If p is the mean pressure on the plane of the impression circle 
T 
4?) then dia op ic Bole On Gare an Rana G3) 5 
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in which p and ierseie also d are variable. If we desig 

as before the radius of curvature of the. impression calot 

the radius of the unloaded ball), : 
d2 


we have oe (le h (2 R—h) 


and consequently tye mph (2 Rh) . shale 
For very small pressures P and consequently very 
depths of penetration hk, the h may be neglected by comp 
with 2.R in the factor (2. R—h), so that approximately i 
2np hi. 

The experiments demonstrate that below ie linia 

of P andh the equation P = Ch may be regarded as approximat 
correct. We may hence, within the limits indicated, assume ee 
p It = constant . (8) 

That is to say, the radius of curvature R must rapidly d 
with increasing pressure. This constancy of p ft is valid onl 
small penetration depths; but it is valid just for those de ths 
for which both p and Rk vary most strongly. (Further ane “ul 
will be found in the memoir.) Thus there holds for the me 
yeesute » and the radius of curvature of the eee (equals 


ae exists between pressure and volume of a gas accordi g te 
the law of Mariotte-Boyle. r : “bie Te 
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THE CONE-PRESSURE TEST FOR DETER, 


VINING THE HARDNESS OF PERMANENT 
WAY MATERIALS. 


By Dr. techn. August Gefner, Vienna. 


Translated from the German by Dr. H. Borns, London. 


Permanent-way materials have beente sted by Ludwik’s cone- 
ressure method with two objects: to inquire into the suitability 
f the method for practical purposes and to ascertain the relation 
etween the cone-pressure hardness and the tensile strength. 

The experiments have been conducted in connection with 
ye acceptance tests of the materials supplied to the J. R. Austrian 
tate Railways during the year 1908, in the Trzynietz Iron Works 
f the Osterr. Berg- und Hiittenwerks-Gesellschaft with the aid of 
aAmsler-Laffon cone-pressure hardness tester!) on a Mohr & 
ederhaff testing machine. 

The very extensive material experimented upon comprised: 

dls, railway sleepers, bed-plates, fish-plates and steel 
rossings. ; 
_ The specimens were not prepared in any way apart from 
sing cleaned; an exception was made in the case of the steel 
dints in which the outer skin containing coarse impurities had 
ompletely to be removed. 

A full account of the research is about to appear, 

The following are the chief results: 
| 1) Compare P. Ludwik, ,Die Kegelprobe, ein neues Verfahren zur Harte- 
‘stimmung von Materialien*. Berlin 1908, Julius Springer. 


| 


Ils a 
The ratio of tensile strength to cone-pressure har 


cent. The carbon percentage did not exercise any ‘pro ou 
influence. | “! a: | 

The lowest tensile strength of 65 Sphere (42 tons. 
inch), admissible for rails, corresponded to a cone-pres 
hardness of about 190. seed 

The tensile strengths of sleepers and of sialon par 
permanent way varied between 39 and 47 kg/mm? (24 
29,8 tons per sq. inch) and the corresponding hardness. 
between 117 and 144. The range of variation is hence ap 
tely the same for the tensile strengths as for the hardness nu 

It should be emphasised that the cone-pressure ap] 
proved most satisfactory, and that all the gee wer mad 
with the same plunger. S 

The results thus justify the expectation that it will in n 
cases be possible and avantageous, to replace the elaborate 
expensive tensile strength tests by the much SD ind a 16 


cone-pressure hardness tests. 
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ON NOTCHED-BAR IMPACT BENDING 
TESTS. — 


By Prof. F. Schiile, in conjunction with Ed. Brunner, of Ziirich, 


‘Translated from the German: by Dr. H. Borns, Hoaton: 2°)". ¢ 


1. The Direct- Fall Machine. 


| The direct-fall machine is the simplest apparatus for impact 
bending tests. It occupies little space, the specimens can securely 
be mounted, and the height of fall of the tup can be adjusted at 
will. That preference is on the whole given to the pendulum 
hammer is due to the fact, that the work done in fracture can 
directly be deduced from the vertical height; through which the 
hammer has fallen. In direct-fall machines Frémont first determined 
the work done by measuring the compression of a helical spring 
which the tup struck after breaking the specimen. This method 
is not accurate; the impact causes the spring to oscillate, and 
‘the oscillations are propagated in the vertical, so that the com- 
pression can not sharply be measured: The work done might also 
be deduced from the compression of crushers. Amsler has con- 
structed a device which graphically indicates the velocity of fall 
immediately before and after the fracture of the test piece; the 
work done in falling is deduced. This method has answered best. 

The arrangement of the machine will be understood from Fig. 1, 
Which illustrates the machine supplied by Amsler in 1904 for the 
Federal Testing Laboratory at Zurich (Eidgendssisches Material- 
prufungsamt). The machine rests on a cast-iron plate of 100 by 
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90 cm (39 by 35 in.); the standards are two railway rails, and the 
adjustable height of fall can be increased up to 4m (18 ft.). The 
height is directly read 
off, for any level of 
the specimen, from an 
adjustable tape which 
is divided into centi- 
meters. The tup can be 
removed after taking 
out a moveable piece 
in the lateral guides; 
the weights of the tup | 
are 5, 10, 20, 50 or 
100 kg (11 to 2121bs.). 
The machine can also 
be used for impact 
breaking tests; this 
communication con- 
fines itself to impact 
bending tests: 

The diagram is 
drawnby astyle, fixed 
to the tup, on the. 
card covering a Te 
volving drum. This 
drum is adjustable 
both in the vertical 
and in the horizontal, 
and the style can thus 
be arranged to be 
half-way up the card 
at the moment the 
blow is struck. .The 
maximum height of 
fallis 4m. The cylinder 
describes 1400 revo- 
lutions, being turned by 1/,, horse-power electric motor. 

If ABC be the diagram, of which AB is drawn before the 
fracture of the test bar, and BBC during and after the fracture, 


Mig, 1. 
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the tangents of the angles B and B, will be proportional to the velo- 
cities. If further A be the height before fracture at B, h’ the reduced 
height after fracture, and P the weight of the tup, then the work done 
Seay (1 fg ont), 
| tan 8 
The test-bars of the Federal Testing Laboratory have a length of 16cm 
(63 in.), a height of 2 cm (0°8 in.), and the width of the respective 
plate thickness; the clamped lenght is 12 cm (4:72 in.). The notch 
mas a depth of 5 cm (1°97 in.) and is 
rounded off to a semi-circle of 4 mm 
diameter. If ¢ be the width of the rod, 
d the thickness or height at the notch 
‘1d cm, 0°59 in.), then the specific work 


| A 
Jone in fracture A = d in kg/cm? 


The machine admits of applying 
slows varying, with the different tups, 
rom 1 to 400 kgm (7 to 2890 ft. Ibs.). Hat es 
The pendulum hammers most largely used in Germany, those of 
the Charpy system, consist of three types with maximum energies 
of 250, 75, 10 kgm (1810, 540, 72 ft. lbs.) respectively. Instead of 
‘he floor space of 0°9 by 1 m, those machines require floor spaces 
950 by 17 m, 4:25 by 1°55 m, and 0°85 by 0°5 m. 


| 2. Interpretation of the Experimental data. 


It is customary to divide the work done in fracture by the 
sectional area of the test-bar at the notch, and to enter the resulting 
igure as specific work done in fracture per cm®. This procedure 
van not scientifically be justified, however, and has probably been 
adopted simply because the phenomena of notched-bar impact 
‘ests are so complex, that a rational analysis of the results did not 
30 far appear possible. 
| The work done is consumed partly by the elastic deformation, 
dartly by the permanent deformation (or set) and by the fracture 
ofthe test-bar. The former component can not subsequently be deter- 
nined. The latter will have strained, beyond the yield point, a certain 
yolume of the material in the neighbourhood of the notch. When 
he sides of the test-bar are polished, which is more frequently 
Jone now as it facilitates the general observations, the test will 


| is 
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spoil the polish of the whole volume, so far as strained beyond 
the yield point. In the Federal Testing Laboratory comparative 
notched-bar impact tests have been made on bars of 2 cm (8 in.) 
height, 1:5 cm (0°59 in.) width, all taken from the same rod of 
mild steel, with the object of determining this volume of strained 
material, and with the further object of studying the influences of two 
different notches, half round, 4mm in diameter, and sharp cuts at 
angles of 45°. In every case two bars were notched in the same way. 

In addition to the usual determination of the work done in 
fracture, in kg per cm® of sectional area at the notch, the work 
done has been deduced in kgm/cm® of material strained beyond 
the yield point. The following Table I sums up the results of the 
tests made with round notches. 3 


Table I. Round Notches. 


Number of test-bar: 1 2 3 4 5) 6 Lik 

Depth of ‘notch? 2a. 4s 04 O58 059 069 080 09 0:98 cm 

Sectional area at notch . 240 2:25 211 1:96 1:80 165 1°53 cm? 

Work done in fracture per { 32:0 281 130 206 201 194 11:2 kgm/cm* 
nat aren: 701i lo eke ‘ 83:3 261 269 24:0 184 146 141 kgm/cm* 


Volume of material strained { 10°02 7°98 5:02 4:50 406 3°57 2°98 cm3 
beyond the yield point. | 9:96 768 687 489 4:32 360 2-92 cms 
Work done in fracture per { 765 7:96 546 895 8-94 899 5:76 kgm/cm3 
unitsvolume ©». 4)... | 795 764 834 961 766 669 738 kgm/cm? 


The outlines of the parts strained beyond the yield point 
for the bars of one series are marked in Fig. 3. In the case of 
the bars with notches of 4 or 5 mm (0:16 or 0:2 in.) depths the 
strained volume occupies the whole height of the bar; when the 
notch depth ranges from 6 to 10mm (0°24 to 0°39 in.), the lower 
portion of the bar remains unstrained. 

Table I shows that, with increasing notch depth, the work 
done in fracture decreases considerably when referred to the 
sectional area of fracture, but remains almost constant when referred 
to the volume strained beyond the yield point. Certain irregularities 
may be ascribed to differences in the materials of the various bars. 

The influence of the depth of the notch was similarly in- 
vestigated for the sharp-angled notches of 45°, the material being 
the same mild steel. The lateral faces of the bars were again 
polished for the purpose stated, and two similar bars were always 
tested. The results are reproduced in the following Table U. 
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Table I. Sharp-Angled Notches. 


Number of test-bar: 10 


MOC. . ie ILE at) i cyl. 0-2 
Memreres, et. notch. 2} ye iri mte fy 2°CO 
: F 3°88 
Work done in fracture per unit area BDA 
‘Volume of material strained beyond the yield { 5°04 
| rn are yt a OTOH | 5°40 
| ; . f 2°08 
Work done in fracture per unit volume . . . 1 2°76 


11 
0-4 | 
2°40 
1:30 
2°83 
150 
2°97 
2°08 
2°28 


12 
0°6 
2°10 
1:19 
1°35 
r-19 
1:19 
2°10 
2°39 


13 
0°8 
1°80 
1:30 
ob: 
1°16 
1°20 
2°02 
1°68 


cm 

em? 
kgm/cem2 
kgm/cm2 
cm’ 

em? 
kgm/cm? 
kgm/cm? 


| Fig. 8 shows the outlines of the volumes which were strained 
beyond the yield point, the volumes being measured with a plani- 
meter. Again the values of the work done in fracture differ very 
strongly, when referred to the cm? of sectional area at the notch. 
When the y are referred to the cm? of the volume strained beyond the 


4 24 5M be? 


IC (3th 2 12 13 


26545 2 


IC 


mes 


| 


constant for the one series of test-bars. The other seri 

irregularities which may be due to the material. r 
The resulting mean work done in fracture per uni 

of material strained beyond the yield point is: J 

for semicircular notches . . 7:78 kgm/em3 

| for sharp-angled notches... .° 25 7aaaame : 

The ratio of these two figures is 3,6, indicating a rema 

influence of the shape of the notch. } : 


Conclusion: 


By determining the volume which is strained beyond | 
yield point in a test-bar which is polished on both sides, 
calculating the work done in fracture per unit of this volu 
influence of the depth of the notch can be eliminated, 
influence of the shape of the notch on the strength of the r 
can be determined. . 
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REPORT IN CONNECTION WITH THE TABLES OF 
RESULTS OF EXPERIMENTS ON THE STRENGTH- 
PROPERTIES OF CAST-IRON OF VARIOUS SECTIONS 
TAKEN FROM SEPARATELY-CAST SAMPLES AND 
FROM SAMPLES CUT OUT OF CASTINGS. 


By Brothers Sulzer, Winterthur, Switzerland. 
Translated by A. R. Liddell, Charlottenburg. 


Experience shows that separately-cast test-samples give higher 
values for bending and tensile strength than such as are cut out 
of castings. Our object in making the two series of tests was to 
iscertain, what influence the slow cooling, to which castings may 
ye subjected, exercises on the grain or on the strength of the 
sast-iron, and what part is played therein by the different thick- 
yesses of metal. 
| It is a well-known fact that, with given thickness of metal, 
vast-iron shows itself softer, i. e. more coarsely-grained, when it 
orms a core-piece, and harder, i. e. more finely-grained, when it 
S cast in the form of a flat piece or as a bar. The difference in 
he grain is, of course, the greater, the thinner the wall of the 
‘ection. 

Series I of the tests was made by us on a cast-iron of tough 
juality, such as we use for high-pressure pieces for steam-pipes 
ind other structural parts on which strength requirements of a 
ligh order are made, while Series II concerns ordinary engineers’ 
vaSt-iron for larger parts. The separately cast test samples and the 
vastings from which test-pices were worked, were taken from one | 


| 
| 


| 
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and the same ladle. All the moulds were blackened and well dried. 
The rectangular test-pieces were _cast in an inclined position, those 
of rounded section and the larger castings vertically, in each case 
from below. We allowed the bars, plates, and hollow castings to 
cool completely in the moulds. 

The rectangular tensile-test pieces were worked directly out 
of the castings, while the rounded tensile-test pieces, the bars for 
the impact tests, and the cubes for the compressive tests were 
worked out of the broken bend-test samples. All the results given 
are means of tests made with at least three samples in each case. 
The impact strength in kgs. per metre is that corresponding with 
the sum of the work done by a number of single blows of a 
rammer of 12 kgs. in weight with a distance apart of the supporting 
knife-edges of 160 mm. The first blow was delivered from a height 
of 150, 300, or 400 mm. according to the strength of the sample. 
After each blow the height of fall was increased by an additional 
100 mm., and the blow which finally produced the fracture has 
in each case been included in the number reckoned. : 

While the separately-cast test-samples with rectangular and 
circular sections, and the samples taken from plates of successively 
reduced section in general show gradually increasing strength 
values, the samples worked out of hollow castings of all the 
different sizes experimented with give values that are pretty much. 
the same. The test-samples of circular section show greater bending 
and tensile strengths than those of rectangular section. The samples 
worked out of plates are, in strength, somewhat behind those 
separately cast. Similarly the strength figures for the various thick- 
nesses of metal of the hollow castings fall short of those of the 
Separately cast samples, and, in a less degree, of those of the plates. 
This is less apparent in connection with castings of the larger 
dimensions, but shows itself very clearly in those of the smaller 
ones. The comparison of the impact strengths show that these 
are greater in the samples worked out of larger bodies than in 
the ones that were separately cast, and in like manner the flexure 
of the former samples was greater than that of the latter. 

The plates cooled somewhat more slowly than the bar-samples. 
The material proved somewhat softer, and accordingly gave somewhat 
smaller values for the bending, tensile, and compressive strengths, 
but was better as regards flexure and strength to resist impact. 
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- We see this in more pronounced form in connection with 
he hollow castings. These have naturally cooled more slowly 
than the plates, and indeed the heat must have been distributed 
over the whole casting in such a manner, that the cooling took 
place in all the dimensions of 80, 40, 50, and 60 mm _ simultane- 
‘ously. The grain, and with it the strength of the material, remained 
‘the same in all the four walls.. | 
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Table I. : Saree 
eee Strength Properties of Cast-Iron of Tough Quality from Different Sections of Separate Castings and from Test Samples worked out of Castings. 
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THE UTILISATION OF THE MAGNETIC AND 
ELECTRIC PROPERTIES OF MATERIALS IN 
O CONDUCTING MECHANICAL TESTS. o 


Report by A. Griinhut and Dr. J. Wahn, Vienna. 
Translated by Dr. H. Borns, London. 


| The manifold relations which exist between the phenomena 
of magnetic, dielectric and mechanical polarisation have induced 
Dr. von Hoor to propose a series of methods for testing, based 
upon these relations, to the Budapest Congress of the Intditiatiene 
Association for Testing Materials. 

With regard to ferro-magnetic materials, for instance, Dr. 
von Hoor considered that the changes which the curves. of 
Magnetisation and of permeability, the static and viscous magnetic 
hysteresis, the remanent magnetism, the coercitive force, -and also 
the electric conductivity undergo when the materials are mechani- 
‘cally stressed, should afford suitable criteria for judging the me- 
chanical properties of those materials. 

Dr. von Hoor submitted a resolution to the Congress to the 
effect, that it appeared advisable to study the magnetic and electric 
properties in conjunction with the mechanical properties, and that 
a Commission be appointed for the purpose of collecting the 
respective data, of laying down a programme for the investigation, 
and of examining in which way the magnetic and electric pro- 
Pperties could be utilised for defining and describing technically 
applied materials. 
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The authors have only been able to deal with the first part 
of their task, and they have grouped in an appendix to this 
report an extract from the most important researches concerning 
the interrelations between the physical properties of the magnetic 
metals in so far as they affect the problems of the practical 
testing of materials.) 

This concise compilation will suffice to mark the manifold 
character of the phenomena in question and the impossibility of 
deducing, from the actually available data, exact relations between the 
physical properties which might serve as guides for mechanical testing. 

A large number of experiments have been conducted with 
the object of investigating the influence of elastic stress (tension, 
compression, torsion) on the magnetising curves of iron and steel, 
the test-rod or wire being submitted to external forces during 
magnetisation. The influence of those stresses upon the magneti- 
sation of iron cannot definitely be expressed, however. Weak 
magnetism, e. g., is increased by tensile stress, strong magnetism 
is diminished; the curves change with the past history of the 
material; it makes a difference whether or not the iron has been 
put under stress before the magnetisation. Compression has in 
general the opposite effect to tension. | 

It is not immaterial for the result of the test whether the 
load was during the magnetising process slowly being put On| 
the specimen or being taken off; in this respect we might speak 
of magneto-elastic hysteresis. | 

Not only the temporary, but also the remanent magnetism) 
left in the iron after the completion of the magnetising process is 
influenced by tensile stress; the relation is not simple, however, 
and depends upon the intensity of the previous magnetisation. 

It has long been known that an iron wire or rod alters i 
length and volume when under magnetisation; these effects give 
us an insight into the molecular structure of the material. The 
final total value of the changes of length naturally depends upon 
the intensity of the magnetisation, the original dimensions of the 
specimen, its elastic history and, not in last instance, upon tem 
perature variations. | 


Vili 


1) The compilation is based upon the respective literature published it, 
periodicals, and upon Ewing, Magnetic Induction in Iron and other Metals. 
and Winkelmann-Auerbach, Handbuch der Physik, vols. IV and V. 
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A test-rod expands as the magnetisation is increased to its 
maximum length and contracts then again to its original length; 
at relatively high magnetisation we may even notice a shortening 
of the rod. In this phenomenon, as well as in other magnetic 
phenomena, we may speak of a hysteresis of the variation of 
Jength with regard to the magnetisation, or in other words: the 
changes in the length of a test-rod are not the same with increasing 
‘magnetisation as with decreasing magnetisation. These conditions 
are entirely altered when we superpose circular magnetisation on 
the longitudinal magnetisation, by passing a current through the 
‘rod, for instance. 

Effects analogous to those produced by tension and com- 
‘pression are observed, when the specimen is subjected to cyclic 
torsion while under magnetisation. There is a pronounced hys- 
teresis between magnetisation and torsional stress. It is further 
noteworthy that magnetic metals exposed to shear or torsion show 
different magnetic permeabilities in the directions of the diffe- 
rent axes, 

A large number of measurements have been made with the 
object of ascertaining, whether and in which way the elastic con- 
‘stants of iron and steel wires are influenced by magnetic forces. 
‘The only fairly established fact is that with increasing magnetisa- 
tion the moduli of elasticity, both for tension and shear, increase 
‘rapidly at first and more slowly afterwards, somewhat after the 
manner of the changes in permeability; the variations in the 
moduli are not large, however. 

7 We should here draw attention to the experiments which 
L. Fraichet!) brought before the IV. Congress of the International 
Association for Testing Materials, Brussels, 1906. This new method 
of testing makes use of a galvanometer and a coil, and relies 
upon the fact that large changes occur in the magnetic properties 
of a body under tension when we approach the elastic limit. 
Fraichet thus hopes. accurately to determine the elastic limit. 

| We have further to mention the influences of concussions 
and of the technical treatment of magnetic materials upon their 
Magnetic properties; the appendix refers to these points. 

Both the temporary magnetism and the remanent magnetism 
are strongly influenced by variations in temperature. 


1) Nouvelle méthode d’essai des métaux magnétiques. 
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In general the temporary magnetism, induced by a 
certain magnetising force, increases with rising temperature, rapidly 
at first, then more slowly, up to a maximum, to decrease rapidly 
again when this temperature is exceeded. On cooling, the magnetism 
re-appears, re-attains its maximum, and diminishes to the original 
value on continued cooling. 

When the magnetism is regarded as a function of tempera- 
ture, there is therefore for every magnetising force a critical 
temperature at which the magnetism reaches its maximum, 
and there is, conversely for every temperature a critical 
magnetising force, below which the magnetism is greater for 
higher temperatures, and above which it is smaller for higher 
temperatures. | | 

The increase in the magnetism is all the more considerable, 
and its final diminution all the more abrupt, the lower the 
magnetising force, at which the temperature curves was _ plotted. 

The remanent magnetism is diminished by heating, yy 
is altogether lost by heating to high temperature. 

In this connection we have to distinguish again between 
first heating and repeated heating: the latter effect is reversible, 
the former not. | | , 

This applies only as long as the extreme temperature does 
not exceed a certain limit, however. When the material is kept at) 
strong glow, it loses its magnetism permanently after repeated, 
cycles. Repeated annealing is hence an excellent means for pro- 
ducing demagnetisation. 

Important is also the influence which the hardening tem- 
perature of steel exercises upon the magnetisation. Holborn has 
found, that rods remain unchanged and soft when the hardening 
temperature lies below 750° C. When the hardening is effected at 
temperatures ranging from 750 to 850° C., the remanent magnetism 
rises to fourfold its value; above 850° C. its diminishes again; 
and when the steel is hardened at 1000° C. the remanent magnetism 
rises to about ?/, of its maximum value only. The temperatures 0! 
hardening most favourable for permanent magnetisation lie between 
150 and 850° C. | 

The influence of temperature on the hysteresis Can be 
deduced from its effects upon the temporary and the remanen! 
magnetism (further particulars will be found in the supplement) 
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It should be mentioned that, as in almost. all magnetic 
effects, the cyclic temperature variations show a hysteresis pheno- 
menon. This temperature-hysteresis is small, however, and 
attains higher values only within those temperature intervals, in 
wich the magnetism disappears or re-appears. This interval amounts 
in the case of iron to about 10° C. in general, in the case of 
mee! to 20 or 80° C. 

The influence of mechanical stress upon the magnetic hyste- 
resis Of iron and steel has not sufficiently been studied so 


far. Researches of this kind should, however, furnish definite 
criteria for the characterisation of magnetic materials, particularly 
iron and steel. It would therefore be most desirable in our Opinion 
_to ascertain, by means of adequate experiments, in which sense 


the hysteresis work, i. e. the work which has to be done in order 


to orient the molecules of iron, etc., is affected by mechanical 


stress — within the limit of elasticity. 


The experimental data so for available show that magnetism 
is in definite, direct or indirect, relations to almost all physical 


phenomena, to mechanical stresses of all kinds as well as to 
influences of temperature, chemical composition and structure. The 
interrelation between these various phenomena is not sufficiently 


uniform, however, so far as our actual experience goes, to allow 
us to determine, in the sense of the proposal made by Hoor, the 


_ physical properties of a magnetic material from magnetic tests. 


Though, therefore, the results so far established do not satisfy 
those far-reaching requirements, the collected data are sufficiently 
Valuable to form the foundation for devising practical magnetic 


and electric methods for testing materials, methods which offer the 


| 


) 


a 


advantages over the customary mechanical methods, that they are 
Sensitive and simple, that they do not necessitate destruction of the 


Specimen, and that they can easily be repeated. 
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FERROMAGNETISME AND THE SUDY OF 
METALS AND ALLOYS. 


By Professor Pierre Weiss!), Zurich. 
Translated from the French by Dr. H. Borns, London. 


The magnetic properties have been of great service in the 
study of metals and alloys. Yet, up to the present, these properties 
lave apart from a few exceptional cases”), been utilised merely 
n a qualitative sense, for the determination of the temperatures 
Mf the appearance and of the disappearance of magnetism. That 
nagnetic measurements are not more widely applied is due to the 
act that, in the absence of a satisfactory theory of ferromagnetism, 
t is not generally recognised which of the various quantities, 
ntensity of magnetisation, induction, susceptibility, permeability, 
oercitive field, remanent magnetism, and which of the curves 
ind cycles may be regarded as really characteristic. Up to the 
resent, moreover, the experimental technics of the study of metals 
ind alloys had not been worked out. 


I propose to fill up this double gap. I shall subsequently examine 
he magnetic transformation from the standpoint of the phase-rule, 
ind I shall demonstrate, with regard to ferro-nickels and carbon 
iteels, the results which we may expect to obtain from the 
ipplication of quantitative magnetic methods. 


1) Summary of an article published in the Revue de Métallurgie, vol. 6, 1909. 
*) Kurt Lewkonja, Zeitschr. f. Anorgan. Chemie, 59, page 293, 1908. 
(aurer, Revue de Métallurgie, 5, page 728, 1908. 
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The Theory of Ferromagnetism, 

I shall confine myself to a brief outline of the kinetic theory 
of magnetism which Langevin has elaborated for paramagnetic 
bodies and which I have extended to ferromagnetic bodies; the 
demonstrations will be found in the original memoirs.’) Langevin 
assumes that the molecules of a paramagnetic gas have an invariable 
magnetic moment. These elementary magnets are subjected at the 
same time to an exterior field which tends to orient them, and 
to thermal agitation which continuously tends to destroy the effects 
of the field. Under these conditions the intensity of magnetisation, 
or briefly the magnetisation, that is to say the resultant magnetic 
moment of the magnets contained in a cubic centimetre, depends 
both upon the field and upon the thermal agitation, that is, upon 
the temperature. The magnetisation has a maximum, corresponding 
to the complete alignment of the little magnets, which maximum 
will be attained either in a field of infinite intensity at any tem- 
perature, or in any field at absolute zero when the thermal agitation 
does no longer exist. This maximum we shall designate the 
absolute saturation I). For all realisable fields the magnetisatior 
grows proportionally to the field. It is only in fields of muct 
greater intensities that the want of proportionality betweer 
magnetisation and field and, all the more strongly, the approacl 
of saturation make themselves felt. 

The kinetic theory of Langevin constitutes for paramagnetisn | 
what the kinetic theory of Daniel Bernoulli is for the compressi 
bility of perfect gases. Van der Waals has extended this latte) 
theory to fluids in general by suggesting a hypothesis concerning 
the mutual action between the molecules of the gas which wert 
so far regarded as independent. This hypothesis finds an expressi0o! 
in the interior pressure which, added to the exterior pressure 
explains the great density of liquids with the aid of the propertie: 
of gases. In an analagous manner I propose a molecular fiek 
which, added to the exterior magnetic field, explains the stron: 
magnetisation of ferromagnetic substances by the laws of pata 
magnetism. 

This hypothesis enables us to submit the ferromagnet 
Tene mene to calculation, and it leads to the following conclusion 


1) Langevin, Ann. Chim. Phys. (8) 5, page 70, 1905. Pierre Weis: 
J. de Phys. (4) 6, page 661, 1907, and Physikal. Zeitschr. 9, page 358, 1908 
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Below a certain temperature the stable condition of the molecular 


structure, as left to itself, without any exterior field, does not 


correspond to zero magnetisation, but corresponds on the contrary 


to a finite magnetisation value I which is a function of the tem- 


perature, 


We are thus asked to familiarise ourselves with the idea of 


a spontaneous magnetisation, though experience does not 
know of magnetism except as a consequence of the actual or 
previous application of a magnetic field. There is nothing surprising 
in this thought; for analogously a liquid can exist with its strong 
_ density, when there is no exterior pressure, but merely the interior 
pressure. But we have to ask ourselves, how it is that our senses 
do not perceive this magnetisation in a piece of iron or steel when 
in the neutral state. We have to bear in mind that in what was 
said there is nothing to determine the direction in which the 
| spontaneous magnetisation should reveal itself. Left to chance the 
_ magnetisation will assume all the possible directions in some 
small portion of the body which will hence appear neutral by 
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| 


compensation. 


Chance intervenes by the mechanism of the confused crystal- 
lisation of industrial metals. To be brief, we may state that the 
theory lends itself without difficulty to the explanation of the 
ferromagnetic properties of an isolated crystal and to the synthesis 


| of those properties in apparently isotropic crystalline materials. 


We understand that the exterior field does not call forth the 
magnetism, but renders it perceptible. The spontaneous ‘magneti- 
Sation, in its true magnitude, will only be observed when the 
little magnets have all been made exactly parallel throughout the 
Substance, and a very intense field is required for this purpose. 
The spontaneous magnetisation is the saturation for the 
given temperature. 


The belonging to the saturations different temperatures, of which 
‘We speak in this connection, must not be confounded with the 


_ absolute saturation of Langevin. The two terms have the same 


meaning only at absolute zero. 


The spontaneous magnetisation I diminishes when, with 
rising temperature, the thermal agitation becomes more intense; 


at a certain absolute temperature 6 it will dwindle to zero, rapidly 
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in the last stages. This law of thermal variation is illustrated in 
Fig, -1. 

The points marked on this diagram refer to experiments — 
made with magnetite. 

For this substance then the theory holds accurately. In the 
case of the metals there is concordance as regards the general 
appearance of the curve. The experimental study of their saturation 
as a temperature function will supply the second approximation, 
as the precise study of the compressibility of fluids has led to 
correct the equation of van der Waals. The actual theory suffices — 
to bring out the physical meaning of the magnetic data. In the 
applications which will be discussed lower down we must, howe- 
ver, have recourse to the experimental curve of each substance, | 

There is hence no essential dif- 
ference between a magnetised body 
and a magnetic body, i. e. a strongly 
magnetisable body. Both are magne- 
tised to saturation, but in the one the 
magnetisation is co-ordinated, while 
it is confused in the other. 

Beyond the temperature 6, at 
which the spontaneous magnetisation 
is lost, the molecular magnets can 
still act upon one another, but the — 
molecular field is not in itself suffi- — 
cient to produce magnetisation. The 
molecular field serves merely as a supplement to the exterior field. 
This is the 8 region of the not independent ferromagnetism. In 
the y iron of Osmond and in the 6 iron of Ball the molecular | 
magnets no longer enter into mutual action; these states are para- 
magnetic. The interpretations which have just been indicated are 
based upon experimental evidence. | 


The theory which we have outlined permits us to state the 
specific character of a ferromagnetic body. In the a region the 
substance is characterised by the law expressing the variation of 
the spontaneous magnetisation as a function of the temperature. 
In the g region the theory makes use of a single new factor, the 
constant of Curie. The residual phenomena have not so far been 
- brought into complete accord with the theory. But pyrrhotine crystals © 
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have supplied additional experimental information and have shown 
that there is only one more constant to be taken into consideration, 
the coercitive field. The curve and the two constants comprise 
the whole description of a ferromagnetic body. 


We are not confronted, it will be seen, by the formidable 
complexity of the curves and magnetisation cycles of the electricians 
with their thermal variations. The reason is that the latter magnitudes 
embody, in addition to the essential properties, the influence of 
the crystalline structure, of cavities, of non-magnetic enclosures, 
and of strains, factors which are all secondary for the physics of 
the material. 


As regards the practical’ standpoint of the study of metals 
and alloys the really applicable characteristic quantities are of two 
‘kinds: those which can be determined 
‘ina mixture of several phases as well 
as in a body containing only one phase, 
and those which are additive. 


i 


The temperature 9 of the loss of 
the ferromagnetism is a case of the 
first kind. The experimental curve of 
the magnetic variation, as a temperature 
function, of a substance which consists 
of three ferromagnetic phases will be 
of the type of Fig. 2. The temperatures 
| 0,, 95, §,, marking the loss of spontaneous 
“Magnetism by the three phases, can directly be read off on this 
‘curve with the aid of the three characteristic vertical tangents. The 
‘magnetisation itself is evidently additive at any temperature for 
the three phases which make up the alloy. As the nature of the 
alloy is given by 9, 6, 63, it will be sufficient to measure three 
ordinates in order to deduce the composition of the alloy, the 
‘Magnetic properties of each phase, taken separately, being assumed 
to be known. 


0 8, Be Basel 


Fig, 2. 


The constant of Curie, which concerns the substance at a 
higher temperature than 6 requires a more delicate measurement. 
There is no reason for the present to class this constant with the 
‘Practically applicable characteristics. The coercitive field has no 
‘Simple meaning in the case of mixtures; it is the field for which 
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the contrary magnetisations of the different portions compensate 
one another.') 


Experimental Technics. 


The arrangement which I have devised in eter to > deternill 
with the least difficulty and with great precision, the variation of 
the intensity of magnetisation at saturation as a temperature 
function, is based upon the following property. When an oblong 
ellipsoid of rotation of the substance is placed obliquely in a 
magnetic field, which is sufficiently powerful to produce saturation, 
this field exerts upon the ellipsoid a couple which varies with the 
inclination of the great axis to the field. For a certain inclination 
this couple has amaximum Cy, which is, apart from an instrumental 
constant A, equal to the square of the saturation intensity of the 
magnetisation. 


Gy SAP 


When therefore the ellipsoid is suspended by _a torsional 
spring, the relative values of I? can be read off by the deflections 
of the spring. Neither the orientation, nor the exact value of the 
field need be known, provided that the field can be varied 
sufficiently to ensure that saturation is really attained. 


We have further to produce the necessary high temperature | 
within the small space available between the pole-pieces of an 
electromagnet. Preliminary experiments have convinced me that 
an electric surface formed by a platinum helix of vertical axis, 
embedded in kaolin and closed above, somewhat similar to the - 
furnace which Pierre Curie employed in his classical researches, 
does. not yield a sufficiently uniform temperature. 


In a furnace, 7cm in length and 13 mm in external diameter, 
I have observed, in the region of greatest uniformity, temperature - 
fluctuations amounting to 50° within space of two centimetres, the 
mean temperature being about 500° I therefore wound the 
platinum, suitably insulated, on a sleeve of red copper, about 1 mm | 
in thickness, and I observed that the temperature variations, within 
the same space, had diminished to 1°. Owing to the oxidation of 
the copper this furnace can only be used at temperatures up to 


1) This statement does not ‘imply that this field could not be ue in 
a certain way; compare Maurer, Revue de Métallurgie, loc. cit, 
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100°. With a sleeve of silver the temperature may be pushed up 
0 900°, and with a sleeve of platinum up to 1400°. In the first 
wo furnaces mentioned the platinum strip of 0°33 by 0°8 mm 
vnich forms the bifilar winding is insulated from the metallic 
leeve by mica and is coated with kaolin. In the third furnace 
yoth the resistance and the cylinder consist of platinum, and the 


nsulation is all kaolin. 
(he insulation is in 
his instance a rather 
nore delicate matter; 
ynee constructed the 
ipparatus can, howe- 
‘rer, serve for many 
“xperiments. 

_ The temperature is 
letermined with the 
ud of a thermocouple 
of platinum and pla- 
tinum-rhodium, of 
3 mm, insulated by 
neansof capillary tubes 
of fused quartz; the 
unction is quite close 
o the substance. The 
slectromotive force is 
neasured with a po- 
entiometer. 

__ Fig. 8 shows the 


powerful electromag- 


net’), mounted on a 


Divot, which has served 


or these experiments. 
B8etween the polepieces 


Fig. 3, 


we notice the electric furnace and the mounting in the form 
of a stirrup, suspended by a torsional spring which supports the 
substance and the mirror which marks the deflections. The constant 
A of the instrument could be calculated a priori, if we knew 


*) J. de Phys. (VI) 4, p. 453, 1907. 
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the exact dimensions of the ellipsoid. Experience proves, however, 
that the relative values remain exact when the ellipsoid is 
realised with a rough approximation. It will moreover be under- 
stood that an ellipsoid of three unequal axes may do as well as 
an ellipsoid of rotation. It is therefore advantageous to substitute, 
for the calculation of the constant A, a standardisation of the 
apparatus, made independently in absolute measure at the 
ordinary temperature. For this purpose I have measured the quantity 
of electricity which is induecd when I introduce the ellipsoid into 
an accurately constructed solenoid which is placed in the axis of 
the field of the electromagnet. 


Is the Magnetic Transformation a Change of State? 


It is indisputable that the material undergoes a profound 
transformation by the loss of its magnetic properties. But is this 
transformation a chan ge of state analogous to fusion or evaporation? 
If that were so, we should have two phases in equilibrium during 
the transformation. When the composition of the two phases is 
the same, that is in particular in the case of a pure metal, the 
transition from one phase to the other should take place at a 
definite’ temperature, under absorption of a quantity of heat 
proportional to the quantity of material transformed. The question 
therefore presents itself in this shape: Are the a and ® states two 
distinct phases? 


In general this question has more or less explicitly been 
answered in the affirmative since the publication of the work ol 
Osmond, in which the two. transformations, « 8 and § ¥, of iron. 
manifest themselves on the cooling curves by a liberation of heat 
apparently analogous to the heat liberation during solidification. 


Tammann has said quite recently): “that the loss of magnetic 
properties is, in an entirely general manner, connected with 
the transformation of a _ crystalline magnetisable Species into 4 
heteromorphous not’ magnetisable species.“ H. Le Chatelier’), 
on the contrary, believes “that we are dealing with a phenomenon 
which is altogether different from ordinary transformations. The 
latter affect on the whole all the properties of the bodies at the 


1) Tammann, Zeitschr. f. Phys, Chemie, LXV., page 79, 1908. 
2) Revue de Métallurgie, I, page 213, 1904. 
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ame time. But we have as yet not been able to demonstrate any 
afluence of this transformation on the dilatation, nor on the 
lectric conductibility, nor on the thermoelectricity of iron. Another 
nd graver difficulty is that this transformation is progressive.“ 

On the strength of their profound crystallographic studies 
Ysmond and Cartaud!) have taught that the « iron and the 6 
ron are isomorphous. This statement is the negation of the 
xistence of two distinct phases « and 8; but it is not acceptable, 
f we take the term isomorphism in its usual sense. Isomorphism 
yould in fact imply that we could, at the same temperature, 
‘btain mixtures of # and 8 iron in different proportions, which 
vould be contradictory to the reversibility of the variation of the 
aturation-magnetisation with temperature, such as I have found 
0 hold exactly for pure iron. 

In more recent publications”) these scientists come back to 
he opinion “that the three allotropic varieties of iron, although 
rystallising in the cubical system, present marked specific 
haracters and cannot have the same internal structure“. 

Yet, when we examine these characters, we cannot help 
oticing that the differences between « iron and § iron consist in 
hat in the latter were not found certain properties of the « iron, 
vhile all the observed characteristics are the same. This statement, 
ombined with the remark of Osmond and Cartaud, concerning 
ickel, “we have not observed any crystallographic differences 
‘etween the two states of this metal“, shows that there is no 
act which opposes the crystallographic identity of the a and # 
tates of one and the same ferromagnetic body‘). 
| The theory of ferromagnetism does not in any sense suggest 
1e distinction of the two phases « and ®. Ferromagnetism is 
malogous to compressibility of fluids, but not identical with it. 


: is moreover precisely the comparison of the two kinds of 


1) Osmond, Ann, des Mines, XVII., page 110, 1900. Osmond and Car- 
aud, ibid. XVIII., page 113, 1900. 
| *) Osmond and Cartaud, Journal of the Iron and Steel Institute, 1906, 
age 486; and C, R. CXLII., page 1531, 1906. 

8) I take this opportunity to point out the interest which attaches to 
lagnetic measurements made on crystals of iron. I commenced this study with 
omeé beautiful crystals which I owe to Mr. Osmond, and I appeal to the 
indness of others who should be able to place further specimens at my disposal 
t order that I may successfully continue this research. 
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phenomena which can help us to clearness. The phenomenon 
whose laws most resemble the variation of ferromagnetism as ¢ 
temperature function is the thermal ve of the et under 
the critical pressure. 

The two phenomena are plotted together in the diag 
Fig. 4. Their relationship is evident. There is, on the other hand 
a manifest difference between the dotted curve which represent: 
the change in the density of a fluid at pressures below the critica 
pressure, and: the straight-line portion characteristic of the lique 
faction. If we knew liquids exclusively at pressures above thi 
critical pressure we should not have any possibility of distinguishin; 
two phases. : 

In other words, as long as the pressure remains below thi 
critical pressure, the formula of van der Waals gives, for th 

same pressure and the same tem 
perature, two different densit 
values corresponding to stabl 
conditions. The theory of ferro 
magnetism, on the contrary, neve 
gives more than one stable valu 
of the magnetisation for a syster 
of temperature and field value: 
45 Since then the a state an 
° : * the 6 state are not two differer 
Fig. 4. phases, it is appropriate not t 
trace the locus of the temperature 6 in the same way 4 
the lines of fusion or of change of state in the proper senst 
lines along which two phases are in contact. 

With respect to the $y transformation we have for th 
present no reason to suspect its allotropic nature. The yo trans 
formation, still little studied, has not so far been introduced int 
diagrams. | 
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Nature of the Thermal Phenomenon accompanying the af 
Transformation. 

Since the false analogy between #8 transformation and — 
change of state has crept in owing to the apparently simil: 
manner in which the two phenomena seem to manifest themselvé 
on cooling curves, it will be of interest to express the therm: 
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change which goes together with the loss of ferromagnetism in a 
more precise fashion. The mutual energy of the elementary 
magnets contained in unit volume is 


1 
E=— Hal, 


where H, is the molecular field and I the spontaneous magneti- 
sation. To what would represent the specific heat if the substance 
were not magnetic, we have to add 
phe Ded EO 
ds ofl 
where D is the density and J the mechanical equivalent. This term 
can be determined by purely magnetic experiments. It is very 
small at low temperatures, grows rapidly in the neighbourhood of 6, 
and falls rapidly to zero at that temperature 6. The thermal phe- 
nomenon consists therefore in a heat of demagnetisation, expended 
during the whole temperature interval ranging from absolute zero 
‘to 6, with a discontinuity in the true specific heat at this temperature. 


The following table gives thediscontinuities nt andthe temperatures 96, 


‘determined: 
|" Magnetically i Calorimetrically 
i Iron 
i 6 6 
. Pa 0:136 Crip: 112 
: ODS 213° Ge Sro8 1 213". 
Nickel 
, 6 ra 
Cin 0025 Cr = et 
Oe 316 1 973° Ge OTU 20S: 
| Magnetite 
c ; 
| Cm = 0:048 Cm == 0:050 
| 6 — 588 + 273° 6 — 580 + 273°. 


This concordance confirms the theory in a remarkable manner. 


Application. 
Alloys of Iron and Nickel. The properties of iron-nickel 
alloys may graphically be represented as in fig. 5. The 6 ¥ trans- 
formation of pure iron is reversible (point A). The addition of 
nickel to the iron has the effect of lowering this transformation 
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temperature and of splitting it, in as much as the phenomenon 
takes place at higher temperature on heating than on cooling. The 
transformation line AB for cooling and the transformation line AC 
for heating divide the area into three regions: in the region I the 
material exists only in the state a 8, in region III] only in the 
state 7, in region II it can exist in both these states. This system 
therefore affords an example both of a solid solution of a ferro- 
magnetic metal in a paramagnetic metal (Ni in Fe 7) and of one 
ferromagnetic metal in another ferromagnetic metal (Ni in Fea 8), 
The solubilities appear to be limited only by the limits A C and AB 
or the.existence 201 the two states of iron. 

Each of these twosystems 
of solution is ferromagnetic. 
The locus of the temperature 
6 can therefore be marked 
for both ot them: it is ab 
cf for the first, and def 
for the second. The line def 
is well known by the study 
of reversible ferronickels. 
The portion abc of the line 
abcf is alone accessible 
and has only been observed 
by the not very exact thermal 
method?). 

Quantitative magnetic experiments will effectively check the 
above expressed views, by ascertaining the difference in the nature | 
of the phenomena representend by ac and ce and the corner 
at e of the line of the loss of magnetism ace. If, as Guertler 
and Tammann®) have supposed, the compound Ni, Fe, which is 
still doubtful, really exists, it should reveal itself in the course of 
these quantitative measurements. It will be recognised that this 
theory is in agreement with Guilleaume, who regards all these 
anomalies, and notably those of extension, as imputable to the iron. 

Iron and Carbon. The diagram of Roozeboom comprises. 
a pretty large number of ferromagnetic substances of which ferrite 


Fig. 5. 


1) Osmond. Roy. Soc., Proc., London, 47, pages 28, 188; 48, page 1, 
50,. page 121. 
2) Guertler and Tammann, Zeitschr. f. Anorgan. Chemie, 45, page 205. 
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has alone been studied. The properties of cementite F; C are almost 


entirely unknown. This applies still more strongly to the martensites 


which are solutions of carbon in iron which is in the of state. 


The austensites which are solid solutions of carbon in ¥ iron, will ex- 
perimentally be discovered by a deficit in the total magnetisation., 


Of the two other constituents of Osmond finally, sorbite and troo- 
_ stite, whose natures remain obscure in spite of specific well-defined 
characteristics, we shall no doubt learn more when we have 


recourse to quantitative magnetic measurements. It will be granted 
without our insisting any further, that ferromagnetism places further 
resources at our disposal for the study of the system iron-carbon). 


1) Compare the Reports on this question presented by Osmond and 
Cartaud and by Osmond to the Brussels Congress. 
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PROGRESS IN THE METHODS OF TESTING 
HYDRAULIC CEMENTS. 


Official report presented by R. Feret, Boulogne-sur-Mer. 


(Translated by A. R. Liddell, Charlottenburg.) 


At the IV. Congress of the International Association held 
in Brussels in 1906, Committee No. 22 presented and obtained 
the adoption of the results of extensive labours, in which they 
had been engaged since the foundation of the Association, with a 
view to the adoption of uniform methods for the testing of the 
different materials the study of which enters into the domain of 
this latter body. 


But in view of the difficulties of all kinds inherent in a tentative 
‘international unification of the kind, the Committee has been 
able to give official recommendation to hardly any other methods 
‘than to such have been in use for a long time and already have 
the support of established custom, and such a solution can only 
be of the provisional character inseparable from every idea of 
progress. 


In this report it is proposed, in so far as the testing of 
hydraulic cements is concerned, to pass in review the methods 
that are capable at a later time of being advantageously added to 
or substituted for those of the Committee, whether because they 
have not been thought of till after the conclusion of the latter’s 
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labours, or because, although already more or less known, they 
were not considered to have stood the test of experience to such 
"a degree that they could at this stage be sanctioned by the 
Association. 


In view of the very narrow bounds which have been set 
for this work, the reporter will confine himself to an examination 
of the principles underlying the methods, without going into the 
details of the conduct of the tests. 


Chemical Composition. 


Hitherto, the International Association have not concerned 
themselves with the methods applied to the analysis of the hydraulic 
cements and, moreover, it is thought that opinions may differ as to 
the opportuneness of the eventual inclusion of these in this kind of 
investigation, which seems to belong rather to the domain of pure 
chemistry, than to that of technology. The conditions for the 
reception of the products in question, however, always contain 
clauses relative to the chemical composition of these, and it often 
happens that difficulties arise from the want of uniformity in the 
percentage of this or that simple element found in several different 
laboratories. Also the Association should ask themselves, whether, 
in the case of limes, cements, and suchlike products, the work of 
progress would not be furthered by the indication of a practical 
and uniform standard method of chemical analysis, which would 
be appealed to in contested cases, without such method at the 
same time arrogating to itself the right to take the place of all 
others that the individual experimenter might judge to be better 
calculated to attain some special end he might have in view, 
whether the question at issue should be the determination of 
elements only occasionally met with in the cement, or analyses of 
great precision, or should on the contrary bear reference to rapid» 
and more or less approximate chemical tests. 


A start in this direction has already been made in the United 
States of America, where an important piece of work has been 
accomplished in the fixing of a uniform method for the analysis | 
of the crude constituents, as of the manufactured products of the 
hydraulic cement industry. 
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At the same time it would no doubt be convenient that the 
Association should take the question into consideration, as to 
whether they should also indicate methods for certain chemical 
tests of a more conventional character, such, for instance, as the 
weight constituent of soluble silica, the proportion of which 
evidently depends on the conditions under which its dissolution 
is attempted. 

Tests of this kind attach to investigations into chemical 
constitution, that is to say to the part played by the various 
elements and to their grouping, an important question but one 
which may still be made the subject of lengthy discussion; on 
the other hand the chemical composition of a material, as 
expressed by the different percentages of the primordial elements 
which it contains, can indeed be exactly determined in each case, 
but affords very little clue to the quality of the product. 


Specific Gravity. 


Specific gravity is a precisely defined quality, and there is 
‘no lack of methods for its exact determination, so that further 
progress of any importance in this direction is hardly concei- 
vable. | 

The question is far from being exhausted, however, and the 
value to be attached to such determinations in view of the diffe- 
rentiation of the hydraulic cements among themselves, or of the 
appreciation of their qualities is still under discussion. Opinions 
differ also, as to whether it is better to work with the cement in 
‘its market condition or after recalcination. 


| Apparent Density. 
| Dalike specific gravity, apparent density is an entirely con- 
ventional conception and varies with the method of measuring ats 

The method adopted by the International Association at the 
‘instance of Committee No. 22 is one that gives the weight of un- 
-shaked litre under very comparable conditions, and does not seem 
to stand in need of improvement. 

As in the foregoing case, however, there is room for dis- 
cussion as to the utility of this test, as well as of that of the 
simultaneous determination of the weight of a shaked litre under 
certain clearly defined conditions. 


So iauge 2: 
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Fineness of Grinding. 


The use of sieves for the separation of hydraulic cements 
into grains of different sizes and for the determination of the propor- 
tions of each of these has been the subject of numerous criticisms. 
The two principal of these bear reference, on the one hand to the 
extreme difficulty of making the metallic meshes perfectly regular 
and of a rigorously defined uniform type as regards thickness 
and spacing of the wires, and on the other to the impossibility 
of separating the finest particles contained in the powdery sub- 
stance by means of sieves with very closely spaced wires. | 

Various experimenters have endeavoured to effect a methodical 
separation of the powders by levigation experiments, made, either 
by shaking them in a liquid, which is then poured off with the 
fine particles remaining in suspension after a fixed period of 
repose, or by working them in a liquid or gaseous current Of 
regulable speed, which carries away the finer and lighter particles. | 
By a variation of the period of repose in the first case and of 
the speed in the second, the powder may be separated into grains | 
of different sizes to any desired degree. 

A method of sufficient simplicity, however, which above all 
can be defined in a sufficiently precise manner in all its details, 
so that the Association could at once recommend it from the point 
of view of international unification of tests of this kind, does not | 
appear to have as yet been discovered. At the most, expression 
may be given to the opinion that the use of a current of air would 
probably be more practicable than that of a liquid. 

The question has, moreover, been already submitted to the 
study of a special commission. 


Homogeneity. 


The experiments to ascertain whether a cement is homo-| 
geneous and, in case of need, to determine the foreign matter 
contained in it, which were not foreseen by Committee No. 22, 
should admit of being made by different methods according to 
the nature of the impurities suspected, and their strict unification 
does not therefore appear to be possible. 


The methods most often resorted to consist in the separation 
of the powder, either into grains of specific weights rising Dy 
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vegular gradations according as they float or sink in liquids of 
suitable densities, or into grains of different sizes, by sifting or by 
levigation, followed by the examination with the microscope or by 
the separate analysis of the different kinds of grain obtained. 


Constancy of Volume. 


| Numerous methods have been applied consisting in the 
moulding of the paste in the forms of cakes with thinned edges, 
of little balls, or of cylinders, and in the exposure of these test- 
samples to the action of air, water, or steam, either hot or cold. 
| It is clear that these different tests are not all equally severe; 
often indeed their results may be such as to vary the order of the 
cements as classed by them. 

The only ones which are in somewhat more general use are 
the test on cakes immersed in cold water, which, however, allow 
products of doubtful quality to pass unchallenged, and the boiling 
water test on cylinders confined in a thin divided metallic covering 
provided with two long amplifying pointers the increase of the 
interval between which is measured (Le Chatelier method). In view 
of simplicity and rapidity, and the concrete numerical form in which 
its results are given, this method constitutes a real progressive 
step, and it has been quickly adopted without opposition in most 
of the specifications of conditions of delivery. 

As to the methods which consist in the very exact measure- 
ment of the length variations of small prismatic bars, their very 
delicacy limits their application to certain investigations of a scien- 
tific nature, and, moreover, they do not appear to be altogether 
above criticism. 

A special commission is still studying the question of tests 
‘on constancy of volume. 


Action of Sea Water. 


| A method at once sure and rapid of determining the capa- 
bility possessed by hydraulic cements of resisting the decomposing 
action of sea water and sulphurous waters has not yet come into 
general use, and the method commonly employed consists simply 
in immersing the mortar into sea water and observing it for 
as long periods as possible. The results given by this test vary, 
however, according to the composition of the mortar and to 
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the conditions of its immersion, and the experimenter often has 
to wait for long periods before he observes any signs of disinte- 
eration, and even then such signs may be: of a- doubtful nature. 
It is in fact necessary to avoid certain accessory phenomena, 
such as the formation of superficial crusts, which according to 
circumstances, may retard or accelerate the decomposition or hide 
its seifects 


More scientific and expeditious methods have been proposed, 
and it will be a point of importance that experiments be made on 
these in as many laboratories as possible. 


Duration of Setting. 


The use of the Vicat needle continues to be the only practical 
method in use for the determination of the duration of the period 
of setting of hydraulic cements. The appliance is one of extreme 
simplicity, but its readings are sometimes uncertain, especially 
when it is a question of determining the end of the period; 
besides, the readings are of a purely conventional character and do 
not appear always to bear a sufficiently constant relation to the 
duration of the setting period of the mortars of actual practice. 


The discovery of more exact methods has therefore been 
attempted. : 


Methods of testing based on the measured variations in the 
electric resistance of mortars while hardening have not given 
results of interest. 


Other investigations have aimed at the definition of the 
setting by the determination of the temperature of the mortar 
during its continuance. Reasonably regular curves were obtained 
by this method, which however were dependent on the testing 
conditions and corresponded with chemical phenomena the relation 
of which to the change of consistency called setting has not yet 
been quite clearly established. 


The principle nature of the method to be employed may be 
the ascertainment of the time, reckoned from the commencement 
of the gauging, during which a given mortar can with impunity 
be further used without having to be revived by a fresh addition 
of water or a too violent mechanical treatment. 
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Mortars for Testing. 


According to the country in which the strength-tests are 
made, the materials used for them consist, either entirely of sandy 
mortars, or both of mortars and of pastes gauged without sand; 
these pastes are more easy to define than the sandy mortars, and 
can be manufactured under conditions which more readily admit 
of comparison; but the value of the information furnished by them 
is a matter open to argument. 


The mortars are composed of one part of cement and three 
parts of a so-called standard sand, the size of grain and nature of 
which exert an influence on the results of the tests. 


Several countries have made exact definition of their standard 
sand and taken proper measures to ensure and control the purity 
and invariability of the material provided; but it has not yet proved 
possible to extend this system so far, that choice can be made 
of an international standard sand, and one of the Committees of the 
Association is charged with the task of preparing the way for a 
unification of this kind. 


It has long been the custom to moisten the standard mixtures 
with relatively small quantities of water, so that they have the 
consistency of moist freshly-turned earth, and to belabour them 
energetically in the moulds, either by hand, with the spattle, or 
by machinery, according to rules so formulated as to ensure that 
the mortar undergoes a certain fixed amount of mechanical work. 
But the objection has been made to this method, that an apprai- 
sement based on the comparison of such mixtures might result in 
the classing of the different cements in an order that did not 
correspond with the relative strengths of the much softer mortars 
of actual practice, and in several countries some of the great 
administrations and technical associations have now adopted mortars 
of plastic consistency cast in the mould without ramming for their 
Standard strength-tests. For the generalization of this method, the 
principal difficulty remaining for solution is the exact definement 
of the standard plastic consistency and of the method of filling 
the moulds. The same Committee of the International Association 
is entrusted with the study of this question. 


In regard to the method of keeping the samples from the 
time of gauging till that of the breaking-test, it has remained 
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practically the same in spite of the investigations still actually in 
progress in some countries aiming at the discovery of another 
one, which shall allow of a better differentiation between the 
Portland cements property so called and various other competing 


products. 
Strength Tests. 


The two methods of testing in almost universal practice are 
that by tension, made on briquettes formed to a model which 
resembles the figure 8 and is almost the same in every country, 
and that by compression applied to cubes or to fragments 
of the briquettes. According to the country in question, preference 
is given to the former of these, which is the more easy of appli- 
cation, or to the latter, which appears to give a better differen- 
tiation of the different products 

The proposal has been made, to replace the tensile tests 
by flexure-tests applied, either by a central load or by a uniform 
bending moment, to prisms of square section which are easy 
to define and to manufacture, and the halves of which are 
then available for compression tests. This method has obtained a 
favourable reception from the Association and has been relegated 
to the Committee above mentioned. 

Another method of testing, which ought still to be found 
is that by shearing, the results of which would afford a basis 
for the calculation of the fraction of the cutting force which con- 
crete could without danger be designed to support in the reinforced 
concrete structures; but there is no method yet known which, while 
free from every source of systematic error, will give the exaci 
measure of this resistance. 


Accelerated Tests, 

It was formerly hoped that the work of time might Dé 
supplemented in the strength-tests by that of agents, such as heat 
which might be capable of hastening the reactions to which the 
hardening of the hydraulic cements is due. | 

Numerous experiments have shown that, whatever the methoc 
employed, the strengths obtained never show any definite relatior 
to those of the same cements when kept under the normal con- 
ditions for more and more lengthy periods, and it would appeai 
that the idea of seeking a solution of this problem had now 
been almost given up. | | 
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Adherence, 

Placed on the programme of the International Association 
yr solution, the question of adherence-tests formed the subject, 
t the Brussels Congress of 1906, of a general report in which 
was particularly set forth, on the one hand that the testing 
aethods should render possible the measurement of the adherence, 
f each possible mortar to each possible material, and on the 
ther that they must admit of distinction being made between 
ormal adherence and tangential adherence, maximum forces 
ending to hinder the detachment according as the effort is exercised 
ormally to the plane of contact of the two materials or in the 
lane itself. In regard to the methods proposed for the measurement 
f the two kinds ot adherence, it would have been imprudent to 
dopt them without verification, and the reporter himself asked 
qat experiments should be made in different laboratories before 
ie Association declared their approval of them. 

‘An adherence of another kind, the interest in which increases 
rom day to day, is that which tends to counteract the sliding 
f{ bars of metal in reinforced concrete. This is a resultant of the 
angential adherence which has just been.defined, of the resistance 
pposed by the concrete to being itself sheared by superficial 
oughness of the reinforcing metal, and finally of the pressures 
xercised between the iron and the concrete as much by the 
Jterations of volume accompanying the hardening of the latter as 
y the transmission of the force efforts set up in the block by the 
ction of external loads. This resultant, which may be called the 
esistance to gliding, is, however, of a very complex nature; our 
mowledge of the law by which it varies from one point to another 
at the surface of contact of the two materials is very imperfect, 
ind it is in fact impossible to calculate its value with absolute 
‘xactness, in spite of the numerous experiments by the aid of 
vhich its measurement has been attempted. 


Tests on Puzzuolanas, 

Normal courses of procedure are in existence in Germany, 
Tolland, and Belgium for the reception of trass, and in Italy there 
ire official regulations which indeed are of quite recent date, that 
ire applicable to the puzzuolanas of that country; but no general 
and uniform method for the testing of puzzuolanas, whatever their 
lature and origin may be, is as yet in existence. 
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A Committee has been nominated by the International 
Association to take up this question. They have already come to 
a number of conclusions and furnished several reports; the 
methods proposed, however, have not been considered so far ripe 
that they can be adopted without further experiments being made, 
The solution of the problem is also in part subordinate to that o/ 
the testing of hydraulic cements, properly so called, with the 
complication that, the puzzuolanas not setting by themselves, it is 
necessary exactly to define the normal lime which should be mixec 
with them in the standard mortars. Finally the partial combinatior 
of the active elements of the puzzuolanas with the lime is ir 
general very slow, so that the strength tests can scarcely yiel 
useful information till after the lapse of a some long period of time 

It would be desirable that a chemical test should be dis 
covered which could quickly show the relative strengths of th 
various puzzuolanas; but up to the present none of those whicl 
have been thought of have given results that are sufficiently ir 
accord with the practical qualities occuring in the use of thes: 
materials. 

Conclusion. 

To summarize the foregoing, apart from the old method 
retained without any modifications of importance by Committe 
No. 22, the Association have not yet adopted any of the testing, 
methods of which the special Committees have made study, af 
these Committees have moreover considered themselves unable ti 
formulate definite proposals in favour of this or that new method 

At first view a stagnation of this kind may appear regrettable 
But extreme prudence is imposed on the Association in the choic 
of testing-methods to which they are asked to give the suppo! 
of their authority, and it is of importance that they should no 
officially patronize any such which has not previously been dul 
checked hy a number of competent experimenters. . 

The part to be played by the Committees of the Associatio: 
is precisely that of promoting the elaboration of better method 
than the ones previously in use, to verify these by parallel ex 
periences obtained in different laboratories and, if need be, t 
further improve them. When sufficiently developed, these method 
will impose themselves on technicists without further ado, and | 
will only remain for the Association to affix to them the stam) 
of their official sanction. | 
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THE BONDING OF LAYERS OF MORTAR 
_ AFTER DIFFERENT TIME INTERVALS. 


| By Professor B. Kirsch, Vienna. 


Translated from the German by Dr. H. Borns, London. 


The experiments, briefly dealt with in the following, are 

preliminary to a comprehensive investigation, and the results can 
not yet be stated with full certainty.*) They furnish some information, 
however, and suffice for guiding us in setting up a programme as 
to the mode in which this important problem could practically be 
investigated. 
The 120 experiments so far conducted permit of drawing 
Certain interesting conclusions, and the presentation of this com- 
munication to the Copenhagen Congress has been decided upon 
particularly for the reason that the method applied has proved 
entirely suitable. 

The problem concerns the bonding of different layers of 
mortar which are superposed after certain intervals. The adhesion 
has been determined by means of tensile strength tests. 

The surfaces under contact were rectangles, 200 mm (8 in.) 
in width and 100 mm (4 in.) in height. 
| Two kinds of cement, a Portland cement and a slag cement, 
have been examined, and in each case two mixtures with sand 
have been applied, the proportions of mortar to sand being 1 : 2 


*) The original report is published ,Osterr. Wochenschrift fiir den dffentt. 
‘Baudienst®, Wien 1909, Heft 5. 


| 


XI 


and 1:4. The periods of rest intervening between the s 2 : 
of the two layers were respectively 0, 1/,, 2, 6 and 1 

These intervals correspond to uninterrupted work, work 
by the dinner interval, by half a working day, ard’ by 
or night. Tne Jas allowed Sy subsequent eos Mv 


the mould by means of pestles, 108 ‘be eae acu 
surface’ was roughened a little before filling in the Sé 
Fig, 2 illustrates the manner in which the Se V 
in the machine. ? ao 

The following are particulars ‘of the cements. gg 


men 
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| Portland- Slag- 

| Cement Cement 

Weight per litre in kg, loose | 1197 908 

5 . eee SIT ohn 1980 1532 
BION Oe 3,15 2,78 
Betting commences after hours . . . 4l/, ihre 
Set hard after hours. . . 15 Veta: 
Tensile strength (kg/cm?) after 1 week 18,9 19,3 

= i »  4weeks 24,3 23,8 

| Crushing strength (kg/cm?) after 1 week 272,5 252,7 
le ¢ 4 & » 4weeks 330,5 351,9 


The volumes were constant. 

The morter briquettes were prepared with a quartz sand 
similar to the Austrian sand. 
The following table reproduces the adhesion values found, 
means of five tests, in kg per cm? 


Brrerval in what : 
| hours Portland- | Slag- Portland- Slag- 
Cement Cement Cement Cement 
0 3,82 3,20 3.96 1,56 
1/, 1,24 0,86 1,20 0,49 
2 | 1,44 0,95 1,12 0,23 
6 1,05 0,63 1,59 0,20 
14 1,03 0,21 1,18 0,08 
Conclusions. 


___ 1. An interval of half an hour is sufficient to reduce the 
adhesion strength to about one-third of the concrete strength. 

2. With longer intervals the adhesion diminishes further, but 
Much more slowly than during the first half hour. 

3. Slag cement appears more sensitive in this respect than 
Portland cement. 
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ABSTRACT OF REPORT ON THE PRESENT STATUS 
OF TIMBER TESTS IN THE FOREST SERVICE, UNITED 
STATES DEPARTMENT OF AGRICULTURE. 


3y Professor William Kendrick Hatt, Lafayette, Ind, U. 5. A. 


Prefatory Note. 


The timber tests of the Forest Service have an organic 
‘elation to the general problem of wood utilization, which includes 
wood preservation, market studies of wood-using industries, tur- 
sentining studies, wood chemistry, wood pulp and wood distil- 
ation. 
| Each of the six Forest Districts of the United States is 
served by a field laboratory, usually in cooperation with a technical 
school; and the work is coordinated and directed by a central 
laboratory in which the problems of wood utilization just mentioned 
are studied by individual laboratories. 


| These timber tests of the Forest Service were begun in 1902 
under the direction of Mr. Gifford Pinchot, Forester, Forest Ser- 
vice, United States Department of Agriculture. 

Description of the work as contemplated in 1902 will be 
found in the Transactions of the American Society of Civil 
Engineers, Vol. LI, page 67, 1903. 


It should be clearly understood that these timber tests are 
divided into two parts: Class a). Tests on market products of 
actual size, in which characteristic defects occur, such as stringers, 
vehicle parts, railroad ties, of interest and value to engineers and 
manufacturers. These correspond to tests on riveted joints or 
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built-up structures in metal testing. Class b) includes so-called 
“scientific’ tests of small, perfect specimens with uniform mois- 
ture- content, . representing. material collected from the forest, in 
which the strength is related to the physical structure and position 
in the tree. These tests are of value to the botanists and foresters, 
The interests of both botanists and users of timber should be 
served in the programme, and a broad sympathy ought to prev ail on 
the part of both engineer and forester with the problems of each other, 

As a example, the moisture-strength law has been determined 
with scientific exactness by tests on small pieces; but this law 
can not. be applied by the engineer in. fixing unit stresses for 
design of large test pieces. In this case, tests on both small and 
large pieces are needed, and it would be perversity to oppose the 
selection of either class of material. — 

At the Brussels Congress, Committee 23, Section C, in its 
report labored under a misapprehension as to the character of the 
Forest Service Timber Tests, and the writer fears that the Oppo- 
sition to the tests of Class a) was based upon imperfect and 
incomplete information. For instance, the strictures of the Com- 
mittee with respect to the knowledge of origin of material were 
not deserved. The origin of both large and small sticks is known 
in studies of the strength of species. 

The publications of the Forest Service should sfied a different 
light on the programme; and it is hoped that this report will 
present a correct account of the tests. 

This paper is limited to a presentation of the conclusions : 
derived from the various studies in which the strength of the 
wood is determined. 


Influence of conditions of tests upon results. 


In these studies, small, perfect specimens are used. 

1 opeed.o1 diest The strength of wood varies significantly | 
with the speed at which stress is applied, increasing more rapidly _ 
as the speed increases. The tests of the Forest Service have been 
standarized for speed‘); on the basis of fiber strain per unit of 
time; and experimental factors obtained to adjust strength values 


1) See Proceedings American Society for Testing Materials, Vol. 8, 1908, — 
page 541. “The Effect of the Speed of Testing upon the Strength of Wood and | 
the Standarization of Tests for Speed“, by H. D, Tiemann. 


3 See 
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from one speed to another. The adopted standards of fiber strain 
are as follows expressed in inches per inch per minute: 


eemewoeaine. 1D WOlros Msueiom Poa icm, 10/0007 
Smal Beams... . 0,0015 
- Compression parallel ‘6 erain, Small Petes . 0,003 
| i F : yee Large Piecés 27'0,0095 


Strength of wet or green wood is much more sensitive to 
changes of speed than is dry wood. At the speed adopted for - 
official tests a change in speed of 50°/, may ordinarily be allowed 
without causing a variation in strength of over 2°/,. | 
| 2. Temperature. Since wood is a more or less _ plastic 
substance, it is sensitive to changes of temperature. Tiemann’s!) 
experiments show that soaking certain species in water at normal 
temperature does not affect their strength. It appears, however, that 
warm water has a marked weakening effect. The extreme con- 
dition is when wood is made pliable by boiling. Some woods are 
no doubt more sensitive than others to the effect of temperature 
of the water-in which they are immersed. In recent tests, made 
in winter weather, on red oak (Quercus Rubra) ties, at Purdue 
University, ties taken from the temperature of the storehouse 
(about 25° F.) were from 9 to 17 per cent stronger than those 
tested at the temperature of the laboratory (about 70°F.). Probably 
this marked difference in strength is to be found only in case of . 
‘green or wet wood. The rupture-work is not affected to the 
degree of the ultimate strength. Hickory seems specially sensitive 
to change of temperature. It is concluded that the ordinary tem- 
perature variations of the air of a laboratory are not important, 
but that the temperature of the storehouse may render it neces- 
Sary to warm the wood. In fact, the effect of a given factor on 
the strength of timber,.or differences of strength of two species, 
may, at times, be entirely masked by variations of temperature of 
timber at the time of test. 

3. Moisture. The effect of moisture on the strength of wood 
has been thoroughly investigated by Tiemann2). His material was 


") Bulletin 70, Forest Service, 1906. “Effect of Moisture on the Strength 
and Stiffness of Wood“, by H. D. Tiemann. 

2) Bulletin 70. Forest Service, 1906, “Effect of Moisture on the Strength 
ane Stiffness of Wood“, by H. D. Tiemann, 

Circular 108, Forest Service, 1907. ,The Strength of Wood as influenced 
by Moisture“, by H. D, Tiemann. 
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small test-pieces uniform in moisture content throughout the cross- 
section; and he determined the distinct “fiber-saturation® point, 
above which increased moisture content did not affect the strength 
of timber, and below which there was an increase of strength. 
Previous experiments, yielding a continuous moistre-strength law, 
were apparently made with “case-hardened material.“ See Fig. 1. 
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Moisture percent of dry weight, 
Effect of casehardening upon the Form of the Moisture-Strength Curve for Ben. 


A= Case hardened pieces. M = Fiber saturation Point. 


Relation of tests. 


The relation between the strength under various kings 0! 
tests, such as shear, bending, etc., and compression parallel tc 
the grain, have not been determined yet by an analysis of the 
data. It is doubtful if any one test can be used to predict the 
strength of the material under other forms of tests when con- 
ditions vary with respect to previous heat treatment, moisture, 
drying, or preservative treatment. For instance, brittleness inducec 
by overheating is evident in impact tests, but this will not neces” 
sarily be evident from the compression test parallel to the grain 
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| An investigation of the effect of speed of test is a part of 
the general study of behavior of wood under three conditions of 
loading : 

a) dead or constant load, 

b) ordinary static test with increasing load, 

c) impact test. | 

a) Dead load tests exhibit the plasticity of wood. Nearl y 
all deformations increase with duration of load, but the deformed 
beams subsequently tested show no loss of ultimate strength. 
Deflection brought about by humid atmosphere is not recovered 
subsequent drying. The question is often asked: “What per cent 
of the load, as determined by the ordinary static test, will break 
a beam if left on indefinitely?“ This has no answer, 
| c) Under impact loading, wood will submit to greater elastic 
deformation than under the ordinary static tests. Impact bending 
tests show elastic deformations largely in excess of those expe- 
rienced under static load. The impact test is made under increasing 
height of drop.1) The order of resistance of air-dry woods at the 
ultimate failure strength, so far obtained, is as follows: 

Hickory, Longleaf Pine, Douglas Fir, Loblolly Pine, Chestnut, 
‘Spruce, Yellow Poplar, Western Yellow Pine, Western Hemlock, 
Sugar Pine and Coast Redwood. 

d) Abrasion Test. The abrasion test is under study.”) Wood 
jis worn by sand-paper in the Dorrey Machine. 


Influence of treatment previous to test. 


| a) Drying in Hot Air, Steam, Saturated Steam, ete. 
A research is under way to investigate the safe limits and the 
‘most advantageous conditions for the commercial processes of 
drying wood. The immediate strength after drying is of course 
“usually greater because of the lessened moisture content. It is now 
apparent, however, that all processes of drying wood, even air- 
drying, are attended with weakening of structure, so that when 
the dried wood is resoaked there is a loss in strength of 10°/), 
and generally more. The drying of white ash (Fraxinus americana), 

1) Circular 88, Revised, Forest Service. “Instructions to Engineers in Timber 
Teme* by W. K. Hatt. 


2) See American Society for Testing Materials, Vol. 7, 1907. “Purduc 
‘University Impact Testing Machine“, by W. K. Hatt. 
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for instance, at 145° F. in either dry air or exhausted steam, or 
in superheated steam at 312°, caused no significant loss in strength 
_in the air dry condition, but the resoaked wood was conside- 
rably weaker than the green wood. Under 20 to 80 pounds of 
steam applied during 1 to 4 hours, pine and ash suffer but little 
loss in static strength after the moisture from the steam is remoyed 
by air drying. At higher steam pressures (above 50 Ibs.), large 
and permanent losses result. An equal amount of dry heat is less 
injurious to wood than moist air or saturated vapor, whenever 
the temperature exceeds 212° F. The hygroscopicity of the wood 
in the air-dry condition is reduced by the process of drying in 
steam, dry-air or saturated steam. 


The impact resistance of wood, which has been dried by 
the various processes in this study, is yet to be determined. Com- 
parisons must be based on both static and impact tests. A preli- 
minary investigation showed that a certain treatment had not 
affected the strength of pine and ash when judged by the static 
compression tests parallel to the grain. Under an impact test in 
bending, the conifers were not affected by the heat treatment. 
However, the white ash (Fraxinus Americana) showed 50°/, 
reduction in impact resistance. 


The results from the Drying-Strength Study are not suffi- 
ciently advanced to allow complete conclusions. 


b) Treatment with Preservatives. Tests at the Louisiana 
Purchase Exposition!) established the safe limit of steaming for 
seasoned loblolly pine to be 50 lbs. applied for 4 hours, or 20 Ibs. 
applied for 6 hours. Burnettized loblolly pine ties exhibited 
some degree of brittleness under impact test. Creosote appeared 
to act upon the strength in the same way as water. It retards 
the seasoning of timber, with beneficial results to its physical 
condition. Present evidence points to steaming, or effect of heat 
in preliminary seasoning, as the only dangerous element of the 
treating process. The proper limits of heat should be determined 
for different species of timber. 


In the case of bridge timbers, of coniferous species, of large 
size, incomplete evidence indicates that the desired penetration o! 


1) Circular 89, Forest Service, “Experiments on the Strength of Treated 
Timber“, by W. K, Hatt. 
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seosote can only be obtained by cylinder processes that reduce 
he strength of the timber. The unit stresses used in the design 
»f creosote structures should, therefore, in these cases, be decreased 
yelow standards established for natural wood. 


Improvement of specifications. 


It is a well-known fact that many clauses in specifications 
‘or structural timbers are the result of. tradition and not predicated 
ipon fact. It has been determined by the Forest Service that the 
‘ed and yellow varieties of Douglas fir (Pseudotsuga Taxifolia), 
ased for bridge stringers, are of equal value, and that both “red“ 
iickory and “white“ hickory are of equal value for wagon parts.?) 
The recently revised specifications of the National Hickory Asso- 
ciation are based on these tests. Tests of loblolly pine (Pinus 
Taeda), Douglas fir (Pseudotsuga Taxifolia), and Shortleaf pine 
‘Pinus Echinata) beams determine the location of knots that will 
aot affect the strength of stringers, and the results have been 
used in printed specifications of the railway organizations and the 
Yellow Pine Manufacturers Association.) 

The test pieces are full size. 

In these cases, observations are made to fix proper specifi- 
cations of limit of growth, with respect to rings per inch, or per 
cent of summer wood within which suitable material may be 
found, 


Unit stresses for design. 


The relation of strength of large sticks, involving defects, to 
small and perfect pieces, taken from the parent beam, is reported 
in Circular 115, Forest Service. The strength of large and small 
sizes is not a question of geometrical magnitude, but of the 
existence of defects in the large sticks, such as knots, shakes, 
checks and the presence of inferior growth. 

Study has been given to the failure of large beams under 
longitudinal shear. It is apparent that, in the case of large beams 
of seasoned timber, the failure is due to longitudinal shear rather 


") Circular 142, Forest Service, “Tests of Vehicle and Implemént Woods‘, 
by H. B. Holroyd and H. S. Betts. 

*) Circular 115. Forest Service, “Second Progress Report on the Strength 
of Structural Timber“, by W. K. Hatt. 
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than to bending. In green beams, also, this form of failure is 
frequent. Therefore, shearing stresses should be taken account of 
in the design. The result of later tests confirm the early results 
that the strength of large pieces is not increased by subsequent 
seasoning, except in case of select grades. In other words, unit 
stresses for design should usually be based upon strength of green 
timber. Tests on the following species are about complete in large 
sizes for structural purposes: 

Loblolly Pine (Pinus Taeda). 

Shortleaf Pine (Pinus Echinata). 

Norway Pine (Pinus Resinosa). 

Tamarack (Larix Laricina). 

Western Hemlock (Tsuga Heterophylla). 

Douglas Fir (Pseudotsuga Taxifolia). 

Western Larch (Larix Occidentalis). 

No doubt exists as to the origin and the species in the Case 
of this structural timber. The observations on large timbers include, 
not only the strength, but also the distribution of moisture, the 
shrinkage from the green to the air-dry state, and the weight. In 
all cases small test-pieces are cut from the parent sticks for 
minor tests. 
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Timber from national forests. 


It is the policy of the Forest Service to dispose of the 
increment from the National Forests, and it is necessary to study 
the wood product and overcome obstacles to the sale that might! 
result from prejudice. The value of common cheap timbers is deter- 
mined, and their use promoted. Tests along this line include fire- 
killed timber, which, in small sizes, is shown to. be as strong 
and as valuable as live timber. In large sizes, the checks whicl 
develop in the standing tree are detrimental. These timber test: 
are to be regarded as a necessary instrument of Forest manage 
ment. Small test pieces are generally used. 


New species and substitutes. 


The eucalypts of California and the South have been tested 
Some species are among the strongest of our woods. The quality O 
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the various species differs greatly, varying in kiln dry state from 
25.000 pounds per sq. in. to 13.000 pounds per sq. in. in modulus 
of rupture.) Tests have been completed on tan-bark oak, which 
formerly was left stripped of its bark in the woods. 


General studies of species. 


Tests of red gum are completed.?) Tests of various species 
of hickory collected from various site conditions have been made 
and the report completed. These latter tests established relations 
between rate of growth and strength, locality and strength, and 
species and strength. It appears that the most fundamental factor 
governing the strength of wood of any species is the specific 
gravity, or, in the conifers, per cent of summer wood. 

Technical Problems. The study of track fastenings, 
including common and screw spikes, and tie plates, and the 
relation of these to the strength of ties, is in progress. Laboratory 
tests are supplemented by service tests in tracks of railroads 
under operation. 


Technique of tests and the organization of the laboratory 
work. 


The methods and records and organization are now well 
developed. The results of experience for the past six years are 
given in the Circular 88 (Revised) Forest Service U. S. Dep. of 
Agriculture entitled “Instruction to Engineers in Timber Tests‘. 
Recently a department of microscopic examination of wood has 
been added to study manner of failures in the tissues, changes 
in structure resulting from heat treatment, location of preservative 
fluids and allied problems. 


Conclusions. 


The restriction of space has made is necessary to state in 
the most general way the present status of the timber tests and 


1) Trade Bulletin. 


*) Bulletin No 58, Forest Service, “The Red Gum“, by Alfred K. 
Chittenden, 
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will not allow quotations of Sennen resulta’ s 
the activity of timber tests, the. statement theta 
been performed since 1902 will be of interest: A list 
and incomplete: studies that have been under way ‘s 
the Forest Service Timber Tests will be submitted. 

The problems and activities in the line of wood 
and their studies will not be dealt with since ie 
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REPORT ON IMPACT TESTS OF METALS. 


Official report by G. Charpy, Montlugon. 
Translated from the French by Dr. H. Borns, London, 


The use of impact methods for testing metals, which had 
een applied in diverse empirical forms, has of late and in con- 
squence of the introduction of notched-bar tests been the subject 
f many researches and lively discussions. The International Con- 
ress held at Budapest in 1901 had charged Commission 22 with 
re examination of fragility tests and with defining the experimental 
onditions to be adopted for these tests. The official Report, drawn 
p by Mr. Sauvage for the Brussels Congress of 1906, gave 
résumé of the numerous memoirs published on the question 
p to the time and of those presented to the Congress. The Report 
2d to a prolonged discussion, apparently not to the advantage of 
je new method. For the Congress rejected the resolution deman- 
ing that the use of notched-bar tests should be generalised, and 
ontented itself with expressing the opinion that these tests were 
‘susceptible of furnishing interesting information. 

This condemnation has not been passed without calling forth 
n appeal. It is impossible not to recognise that the application of 
otched-bar impact tests has taken a considerable development 
ince 1906, that these tests have been employed on all sides for 
ae purpose of study, and that they have even been introduced 
ito some official specifications. The development has, however, 
een hampered by the failure of the Brussels Congress to supply 
solution to the question that had been put to it, viz, to define 
he experimental conditions to be adopted. The German Association 
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for Methods of Testing Materials without delay appointed in 190) 
a commission consisting of Professors Martens and Stribeck 


Dr. Lasche and Dr. Ehrensberger (one of the managers o 
Messrs. Krupp) for this object. The report of this commission 
drawn up by Dr. Ehrensberger, which recommended the use o 
' notched-bar impact tests, was adopted by the general meeting o 
the German Association held in Berlin on October 5, 1907.1) 
This is a very important fact to which it will be impossib} 
not to draw attention during the discussions that are to take plac 
at Copenhagen. The reporter, who has been particularly glad t 
see many of his views adopted by the eminent members of thi 


German commission, does not consider himself qualified to defen) 


the Commission’s conclusion. He will confine himself, therefore 
for the purpose of facilitating the discussion, to. grouping a certai) 
number of facts and observations respecting the various point 
which have to be distinguished in the problems of impact tests 
bearing in mind the views which were uttered at Brussels. He wi 


also deal with the recent literature on the subject. I quote in pat 


ticular, and addition to Mr. Ehrensberger’s report, the “Réflexion 
au sujet des Méthodes d’Essai des piéces métalliques et du Con 
gres de Bruxelles de 1906“, published by Mr. Simonot, principé 


engineer du Génie Maritime, in the Bulletin de la Société de VJIn 
dustrie Minerale (1907, No. I) and discussed at the Meeting ¢ 


June 1, 1907, of the “Réunion des Membres Frangais et Belge 


de l’Association Internationale pour l’Essai de Matériaux“. Further 
the articles by Mr. Pierre Breuil on novel methods of testing 


‘metals, published in the Revue de Mécanique 1908; finally th 
memoirs by Messrs. Stanton and Bairstow on the resistance ¢ 
metals to impact, and of Mr. Harbord on “Different Methods ¢ 
Impact Testing on Notched Bars“, discussed by the Institution ¢ 
Mechanical Engineers in its general meeting of November 20, 190 


I. On the Use and the Sense of the Term “Fragility“. 


Impact tests and especially impact-bending tests on notche 
bars have generally been regarded as a means of determining th 
fragility of metals. But people have not sufficiently preoccupie 
themselves with exactly defining the meaning of this term, whic. 


1) Stahl u. Eisen, 1907, No. 50 and 51; Revue de Métallurgie, April 1901 
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certainly has been abused in so far, as some authors simply state 
that certain metals are fragile and others not fragile, whilst most 
of the devices applied aim at arriving at some universal value. 
If it is true, as Captain Duguet!) says, that “if words do not 
correspond to a well-defined idea, they can call forth different 
ideas, and that this is the most fertile source of our errors“, it 
does not appear useless to inquire into this question before 
speaking of impact tests. 

| The French Commission on methods of testing material¢ of 
construction was struck from the very beginning of its deliberations 
with the necessity of precisely defining the signification of the 
technical terms used in the practice of testing, and it nominated 
a sub-commission for technical Terminology. We take the follo- 
wing lines from this report drawn up by Mr. Gandillot. 


“ragility. Fragility is the property of being easy to break 
(frangere). One might accordingly, for each mode of testing, 
distinguish between a static fragility and a dynamic fragility or 
an impact fragility, which would respectively signify: the properyt 
of possessing a feeble static resistance or a feeble dynamic re- 
sistance. 

. But the term fragility calls forth above all the idea of this 
second property. 

Mr. Auerbach has proposed to characterise fragility as the 
difference between the resistance (breaking load per mm?) and the 
elastic resistance (elastic load limit per mm?) or by some other 
function involving this difference as factor. 

Mr. Considére has proposed, in 1889, to measure fragility 
by the ratio of these two resistances. 


It must be pointed out that what constitutes the fragility of 
/a material, is not, strictly speaking, the small difference between 
‘these two resistance values, but rather the slight difference bet- 
ween the corresponding deformations, the feeble deformability by 
virtue of which the material does little resistance work before 
breaking. 


However that be, it does not appear necessary to search 
for a special measure of fragility, because whatever the stand- 


1) Duguet — Limite d’élasticité et résistance a la rupture, Vol. II, (with 
preface), Paris, 1885, 
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point one takes, and whatever the cause which produces it, fragility 
is the essence of bodies, for which the resistance, or the deforma- 
bility or the dynamic resistances, are measured by low figures.“ 

The same order of ideas appears to have been adopted by 
Mr. Henri le Chatelier in the Introduction which he has’ written 
to the “Contribution a létude de la fragilité“, published by the 
Société d’Encouragement in 1904. 

“One has always known,“ he says, “that certain metals are 
regularly fragile, that is to say, that they always break, without 
practically undergoing any extension, and that consequently their 
rupture requires only a very small expenditure of work.“ 

Mr. Consideére says on the same subject: 

“The name of fragility has been given to the property whi 
most hard bodies possess of breaking easily, in .undergoing little. 
or no deformation and in producing only a small resistance work.* 

And elsewhere: : 

“One qualifies, and will no doubt continue to qualify, as 
fragile, bodies which break easily under certain conditions and 
while suffering little or no deformation and in producing only 
little resistance work, whatever be the causes of the rupture.“ 

Thus numerous authors regard the notion of fragility without 
connecting it with the influence of the shock. In other instances, 
on the contrary, the idea that fragility must be referred to dynamic 
tests is clearly evident. Thus Mr. Barba writes: “The fragility of 
a metal may in everyday language be defined: the facility with | 
which a metal breaks under a feeble destructive stress when this 
stress is the result of an impact. In a memoir on fragility by 
Mr. Brosser, Engineer in chief of the Génie maritime we read: 
“Fragility is commonly defined as the tendency of bodies to break | 
under shock.“ A_ little more complicated is the conception Of) 
Mr. Vanderheym who says: “I. propose as definition of the: 
property known as fragility, for a metal produced by fusion, the | 
predisposition which the crystals of which the metal is composed 
show to separate under the application of a sudden stress.“ | 


In order to bring these various definitions into accord or 
to choose between them, we are naturally led back to the idea 
adopted by Mr. Gaudillot and to a separate consideration of 
fragility for each kind of strain and for each mode of application 
of the stress. In every case the classification of the metals as to 


| 
4 | 
—— a j 


= ne 


their fragility should be effected either according to the work ab- 
sorbed in fracture, or according to the deformation before the 
fracture. All the authorities quoted agree in regarding these two 
quantities as interconnected. Yet, in order to arrive at numerical 
values, we have to choose between them. If we refer to practical 
applications, it seems certain that the work done in fracture has 
more importance. All the same the deformation before fracture 
would be more easily determined and would consequently facilitate 
comparisons in a great number of cases. 

| The first question which we have to ask ourselves is, how 
many distinct fragilities there are. To answer it, we shall have to 
study successively, both as to the work done in fracture and as 
to the deformation before fracture, the tests on tension by gradual 
stress and by impact, bending by gradual stress and by impact, 
compression by gradual stress and by impact, not to speak of 
more than the most customary deformation tests. 

The different’ quantities are not in any precise fashion directly 
connected with any specific property of the metal such as its 
fragility. It appears hence prudent, until further progress in our 
knowledge of metals will have been made, to avoid terms of this 
kind and to confine ourselves to state as clearly as possible the 
‘quantities resulting from each test, without wishing to go beyond 
the experiment. 

The German Commission appears to have adopted the same 
Point of view in proposing to designate as tenacity of notched 
bars (Kerbzahigkeit) the quality -of the metal defined by the 
notched-bar impact test (Kerbschlagprobe), and as specific 
work done in fracture (spezifische Schlagarbeit) the numerical 
value of the test referred to the square centimetre of the broken 
cross section. In a paper presented to the Congress of Budapest, 


in 1901, we had proposed the name of resilience for this latter 
quantity. 


IL Which is the Relation between the Tests producing the same 
_ Deformations both by Impact and by Gradual Application? 


The idea which has induced us to submit metals to impact 
tests incontestably implies the admission that there exists a marked 
difference between two tests which would produce the same strain 
by impact and by gradually applied stress The fact that impact 
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tests are universally adopted (generally in the form of bending 
tests on plane, not-notched) bars, and that considerable importance 
is attached to their results would tend to indicate that the correctness 
of the idea to which attention was drawn above had clearly been 
demonstrated by experiments. When we examine the comparative 
tests of this type, however, we find on the contrary that the 
experimenters most generally believe in a slight difference between 
the effects of dynamic and of static stresses. It will not be useless 
to quote some of the opinions concerning this point. | 

Captain Duguet writes: “The effect (of the duration of the 
stress) is very marked, especially during the period of great 
deformations; that would in itself suffice to render any too detailed 
investigation of the phenomena illusory. But we must not exaggerate 
the importance of this point. The extreme deformations are, in 
the case of soft steel submitted to bending, very sensibly the same, 
whether they be produced slowly by hydraulic. pressure or by the 
impact ofva nupsé 

In his treatise on material testing Professor Martens points 
out that, according to the experiments of Kick, the velocity of 
fall has only an insignificant influence on the magnitude of the 
deformation in impact bending tests. As regards tensile strength 
tests Professor Martens concludes: “From the impact tension. 
tests so far conducted in the Charlottenburg Laboratory, I have 
acquired the conviction that the deformations are produced exactly’ 
as by slow tension. In tension tests by means of several blows, we find | 
often that the elongation was greater than in the slow tension tests.” | 

M. Lebasteur (Annales des Ponts et Chaussees, ee ited 
likewise arrived at the following conclusions: 


“1. The elongations observed in the fracture of bars vider 
high-drop impact tests are nearly identical with the elongations 
of similar bars under slow tension. 

2. The appearances of the broken sections are absolutely the 
same in the two cases. . 

3. The total intensities of the blows necessary to break bars 
under high-drop impacts are proportional to the dynamic resistance 
to rupture (as determined from the area the curve of slow tensile 
stress)“, and further on Mr. Lebasteur added that “the dynamic 
resistance to rupture measures the strengts of metals equally well 
for dynamic as for static stresses“. | 
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Mr. Hatt has described in the Proceedings of the American 
Society for Testing Materials, 1904, a long series of experiments 
made with a hammer, very ingeniously disposed so as to record 
the velocities from which the work done could be deduced. Mr. Hatt 
concludes that, for steels, there is little difference in the total 
elongation and the unit work done in fracture, whether this 
fracture be brought about in the space of 10 minutes or ofa 
hundredth of a second. 


Mr. Breuil, at the end of a long paper published by the 
Tron and Steel Institute, writes: “This is sufficient to admit that 
the curve of sudden bending under the influence of a blow would 
be almost identical with the curve obtained by slow bending“, and 
further on: “The most important final conclusion from these tests 
is that a slow stress produces the same effect as a sudden stress 
of metals (at least of those which the author has examined).“ 
| We have ourselves pointed out in several notes, and notably 
inacontribution presented to the Brussels Congress, that comparative 
notched-bar impact tests and gradual stress tests gave values which 
differed little in absolute values and which led to the same relative 
classification of a series of metals. 


\" We might quote further experimental data pointing to small 
differences between dynamic and static tests. Different results have 
however, been obtained by Mr. Considere. In submitting iron 
/wires to impact tension tests at different velocities, Mr. Considére 
has found that, “when the velocity of the impact is. progressively 
‘increased above the minimum necessary to produce fracture at a 
single blow, the resistance of the breaking metal increases at first 
cat the same time as the velocity, finally exceeding .the static 
_Tesistance by 50 or 100 per cent, and the elongation during fracture 


| Temains approximately constant.“ 
| “When afterwards the rapidity of the impact attains a certain 
limit, a sudden and absolute change of the mechanical properties 
takes place in the metal, a change which agrees with the notion 
of fragility. Rupture ensues under a very small elongation, and the 
‘Tesistance is less than a third of that which was observed with 
less violent blows. The work done in fracture hence is suddenly 
Teduced in an enormous ratio; in one example, taken at random, 


‘it fell from 20 to 1.“ 
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These phenomena have again been observed in wire tests 
made by Mr. André Le Chatelier. The explanation given by this 
engineer ascribes the diminution of the strength to a kind of 
vibratory phenomenon which tends to localise the deformation. 
The elongation consequently affects a shorter length of the wire 
and seems to be reduced for this reason; if the elongation were 
measured, however, not on the total length, but on the different 
elementary portions, we would find that in the parts adjoining the 
fracture, it is equally great, whichever the rapidity of the blow. 
The phenomena would then not be assimilable to fragility, and the 
‘great length of the wire by contrast with its diameter would be 
the only cause of these fluctuations which experimenters on short 
test pieces have not observed. 


As it may be objected, however, that the latter experimenters. 
did not apply sufficiently great drop velocities, we have thought 
it would be useful to make some impact tests on bars at much 
greater height of fall than those with wich Messrs. Considére 
and A. Le Chatelier had observed a diminution of the elongation. 

Making use of the chimney of some works we have been 
able to try heights of fall up to 47 m (154 ft.). Even with these 
heights we have not confirmed the phenomenon wich M. Considere 
described. The particulars of these tests will be published on) 
another occasion. We only reproduce the results concerning two) 
soft steels They yielded values very similar to the tensile strength 
tests, and very different figures from the impact bending tests; 
the similarity observed in the slow tension tests has been main- 
tained on the impact tension tests. 

The results obtained with the two steels which we desigaimte | 
by the letters A and B are tabulated below. | 

The tensile strengths tests were made with bars of 13° 8mm 
diameter and 100 mm length between gauge points. The slow 
tension tests were made on a machine giving an elongation of 
about O°'l mm per second, and the work done in fracture was) 
deduced by means of the planimeter from the diagram recorded 
by the machine. For the impact tests a tup was made use of into’ 
the upper portion of which one of the heads of the bar was screwed 
and which was allowed to fall from a height of 47 m upon an 
annular base, this base stopped the cross bar into which the other 


end of the bar was screwed. 
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After having broken the specimen, the tup continued its fall 


and crushed three cylinders of copper from whose flattening the 
‘residual energy and hence the work absorbed in fracture could 


approximately be estimated. The mean elongation velocity in 
these tests was a little more than 20 m per second, 200.000 times 


greater, therefore, than in the preceding test. 


Slow Tension 
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: Contraction 
Elastic Maxi Elongation of area Work done 
aximum 
Limit per cent oa in fracture 
A 301 ke | 421 kg | 32:0 67-2 |179:5 kem 
B 30'0_, 44-1, o1'd 65'6 1850 


Impact Test 
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Contraction 
Elongation of area Work done 
per cent s—s‘ | in fracture 
a first test | 40:0 70°4 215 kgm 
second , 34°71 63°8 mba FHse4 
. first test 360 65°5 Ree GU ee 
second , 40°1 69°0 ; 200 8; 


The values of the impact tests for the work done in fracture 
can only be regarded as approximate, as the method did not 
allow of precise measurements. We may, however, assume that 
the work done in this case was much greater than in the slow 
tension tests. That is what M. Considére had observed for fine 
Wires at small velocities, and what we find confirmed, for relati- 


_vely short bars ad considerable velocities. 
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The two metals employed, practically identical so far as the 
breaking test is concerned, differed yet much in the bending tests 


of notched bars which prove that the B steel is distinctly fragile, 


In fact, when bars of 30 by 30 by 160 mm, notched halt through 


by a cut rounded off to a radius of 3 mm, were submitted 
to pendulum hammer tests, the metal A yielded the value of about 
200 kgm for work done in fracture (44 kgm/cm2), the bar not 
being quite broken although bent through 60°; while the metal B 


absorbed a total of 135 kgm (3 kgm/cm?), and the two portions | 


of the broken bar formed an angle of about 175°. We have 
further submitted these notched bars to other bending tests by 
slow stress, not by impact, on a testing machine, in which the 


work done in fracture was deduced with the aid of the planimeter . 


from the stress-strain diagram. We observed again a difference 
between the two steels, less accentuated, however, than in the 
impact tests. The metal A, bent to 60° without breaking, had 
absorbed a work of 145 kgm; the metal B broke when bent to an 
angle of 140°, having absorbed about 55 kgm. 


In these experiments, therefore, a considerable increase in 
the rapidity of the tension has not produced any diminution in 


the elongation, nor in the work done in fracture, although the one - 


metal was susceptible of breaking under slight deformation and | 


small energy in the notched-bar bending tests. 


We have tested other metals in the same way, and we have | 
never observed any discontinuity when exceeding a certain velocity | 


of the impact. 


It would in fact appear to be in this form that the problem | 
should more logically be put. The expression “impact test“ generally — 


calls forth the idea of instantaneous fracture, which a be 
realised, at least not with malleable metals. 
The impact produces in reality a deformation, which is more 


or less rapid, but never instantaneous, and which has the incon- 


venient peculiarity that it takes place at a variable rate. It can 


even happen in the case of a metal which requires an amount of 
work done only lightly inferior to the work which the tup could 


accomplish, that the deformation begins at a pretty rapid rate and © 
continues at a very much reduced rate. This point introduces — 
another difficulty into the interpretation of the results which must | 
not be overlooked. The problem, which was outlined at the end of © 
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whe preceding section, and the questions placed at the head of this 
section, must still be generalised. We cannot content ourselves 
vith successively studying the deformations resulting from gradually 
ipplied stress and from impact. We must study the deformations 
yroduced by velocities ranging from almost zero value up to very 
jigh figures. The questions which suggest themselves are to de- 
ermine, what relation exists between the tests which yield the 
same deformation with different velocities, and whether there are 
netals, for which this relation displays a discontinuity for certain 
velocity values. This is one of the most complex and delicate 
oroblems which is far from being solved. We know that the velo- 
tity of deformation has a notable influence on the results of tests 
nade on ordinary testing machines. This influence becomes more 
oronounced when the velocity is further augmented; is there a 
sudden variation which sets in at a certain velocity? It is not 
mpossible that the phenomenon takes place at very high velocities 
which might, in certain tests, be attained locally by virtue of 
ribratory effects. Yet, according to the experiments just tabulated, 
t appears most probable that such a discontinuity is not produced, 
as long as the velocity remains within the limits which we can 
attain with the fall of a tup and which correspond also to the 
relocities of the most rapidly acting machines. 


III. Which Conditions should Impact Tests satisfy? 


The considerations just submitted do not at all aim at pleading 
the inutility of impact tests. Their final conclusion bears a hypo- 
-hetical character, and as it is not impossible, that certain metals 
may display discontinuity at relatively small velocities, which ex- 
oeriments so far made have not yet brought out, it will always 
be more prudent to make sure by a direct test, before employing 
a metal, that it is not especially sensitive to the action of blows. 
Moreover, impact tests permit, given suitable devices, of determining 
certain quantities more easily than by gradually applied stress. 
This holds for instance, in the case of the work done in fracture. 
The apparatus disposed in such a manner as to measure the 
nergy remaining in the hammer after fracture, gives this value 
directly, while the use of a testing. machine for slow tension 
depends on stress-strain diagrams, whose areas have to be evalunted 
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by the aid of the planimeter which is a somewhat tedious an 
delicate operation. 


Impact tests must, however, not be conducted in the purely 
arbitrary fashion in which they are usually entered in actua 
specifications. A rational test would produce fracture of a test-ba 
at a practically constant velocity and would measure the stresse: 
which come into play during the different periods of the test. Tha 
would necessitate more delicate methods, very different from thos) 
actually employed, which practically rely exclusively on the de 
termination of the change in the velocity of the tup.?) It is, there 
fore, useless to propose to render this velocity fairly constant, bu 
we can attempt not to let it undergo multiple and considerabl. 
variations. As a consequence we should abandon the method whic} 
estimates the work done in fracture from the required number o 
blows. ”) 


The fracture of a test-bar by a single impact of the tup 
effected by means of an apparatus which permits of estimatin; 
the work done in some way, would incontestably yield mor 
interesting results more easily interpreted. Nevertheless, as long a 
this interpretation is not quite within the reach of the state of ou 
knowledge, it is indispensable, in order to ensure comparabl 
results, always to work under the same conditions, that is to say 
to use a tup of definite agreed weight falling from a fixed heigh 
on test-bars always of the same shape and dimensions. Test: 
conducted under other conditions are certainly not to be neglected | 
but they will serve another purpose. Their object will be exactl 
to determine the laws of the more or less rapid deformations ant 
thus to render possible comparison under different test condition: 
such as we cannot effect at present. As long as that remains so 
it will be wise to compare with one another only tests conducte( 
under rigorously identical conditions. 


1) We should, however, draw attention to the interesting method 0) 
Messrs, Perot and H. Michel-Lévy, presented to the meeting of the Frencl 
and Belgian members of the Association Internationale des Methodes d’Essai o1 
February 27, 1904. | 


2) We speak here only of the tests in which several blows are applied ti 
produce fracture, and not of the methods in which very many small blows at 
applied, such for instance as the method of Messrs. Stanton and Bairstow 
which are based on a different principle and which present considerable interest 
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On which mode of testing shall we rely, tension, compression, 
bending, etc.? In principle all these methods offer interest, and none 
of them should be neglected in our endeavours of enlarging our 
knowledge of the properties of solids. In practice we shall neces- 
sarily have to limit ourselves and to decide on one particular test 
which will be suitable in most cases. At present we shall hardly 
hesitate to consider any other but tensile strength and bending 
tests. In each of these cases we shall have to choose between 
test-bars of uniform cross-section over a greater or smaller length, 
on the one hand, and test-bars of partly reduced section or notched 
bars on the other hand. All the other modes of testing that may 
be imagined — and their number is very great — do not appear 
so far to have been adapted to practical needs, and they may 
provisorily be disregarded. i 
| We have, therefore, to consider four methods of testing: 
impact tension on plane cylindrical rods, impact tension on notched 
bars, bending by impact of prismatic test pieces, bending by impact 
of notched bars. 
| It does not appear possible to state in general, that any one 
of these methods, considered separately, offers more interest than 
the others. In making a selection it will be advisable to approach, 
on the one hand, other tests to wich the metals might be sub- 
‘mitted and, on the other hand, the conditions under which the 
metal will be used. ) 
| Regarded from this double point of view the numerous 
‘memoirs recently published seem to lead to the conclusion, that 
the slow tension test which are almost universally applied in the 
first instance and which seem to define a metal, so to say, are 
more efficaciously supplemented by the notched-bar bending tests 
than by any other tests. Some of the arguments which seem to 
ape this opinion are summed up in the following sections. 


W. Do Notched-Bar Impact Tests of Metals furnish Information 
which other Tests do not give? 


Fairly numerous experimental data seem to answer this 
question in the affirmative. It has notably been observed in re- 
‘peated instances that two metals which yielded identical breaking . 
‘strengths and which could both be bent over a mandrel without 
cracking, would break in a notched-bar impact test under very 
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different deformations and very different energies. It might be 
objected that this discordance is only apparent, that we deal in 
every test only with a small number of factors, and that they 
are not the same which are encountered in different tests. Yet 
when we attentively examine the data published under this head, 
we find that the apparent discrepancy between the bending tests 
of notched bars and of the quantities generally determined in 
tensile strength tests, the elastic limit, the breaking strength and 
the elongation, still persists when we study, in addition, the 
proportional elongation, the contraction of area, and the work 
done in fracture. It appears indeed, as if these tests involved 
two different modes of fracture, and this conlusion is strengthe-. 
ned, when we attempt to picture to ourselves, how the fracture 
is propagated through the micrographic elements of the metal. At 
the Budapest Congress Mr. Henri Le Chatelier had already 
remarked that certain results furnished by notched bars could be 
interpreted by admitting that the fracture of the same steel might, 
according to circumstances, take place across the network of 
perlite or across the grains of ferrite. This ingenious suggestion 
of intracellular and intercellular fractures, which has clearly been 
verified in certain alloys, does not seem to conform to the case 
of soft steels. The examination of steel fractures appears to. 
demonstrate that intracellular and intercellular separations occur) 
by the side of one another, that the line of fracture, arriving at! 
a grain of ferrite, would be able either to traverse it along a} 
cleavage, or to circumvent it following a joint, according to the 
inclination of the different lines. We should therefore suggest to 
modify this interpretation in the following manner: When a plastic | 
metal is subjected to a general strain, the different microscopic 
elements are modified simultaneously but to an unequal degree, 
until the one of the two attains its limit of deformation and is 
broken. The fracture is then propagated through the interior ot 
the metal according to laws depending on the special conditions | 
of the case. One understands that rather different results will ensue 
in accordance with the more or less accentuated differences bet- 
ween the diverse elements. In examining various mechanical tests 
trom this point of view we recognise that in tensile strength tests 
all the elements will be deformed simultaneously and approximately 
in the same manner, and that the fractures will ensue between 
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slements which have been worked to an equal degree. In notched- 
yar bending tests, on the other side, the element which forms the 
sottom of the notch will much more rapidly be strained than all 
he others and will already be broken, when the others are scarcely 
strained yet. The fracture will hence be propagated through 
elements which are little worked. We understand that the modes 
of fracture are very different in the two cases, and that the 
sesulting strength values will not present any direct relation. 
Other tests will probably yield intermediate values. We have not 
sufficient data regarding this point; but it would appear that the 
tension tests and the bending tests of notched-bars are the most 
dissimilar. 

If this interpretation is correct, we should expect that the 
tension tests of notched-bars should not agree much better than 
the tensile tests of plane cylindrical rods agree with the notched- 
bar bending tests. The notched-bar tension tests should correspond 
to the last period of the tensile tests of cylindrical rods. 

“We have made experiments in this sense and prepared 
Specimens of the same metals for ordinary tension tests, notched- 
bar tension tests and notched-bar bending tests. 
| The results of the experiments with four metals are tabulated 
below. The metals A and B are the same which were used for 
the previously mentioned experiments (Section I). 
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In the tension tests of cylindrical bars we have determined. 
the total work done in fracture by planimetric measurement of 
the diagram, and we have also attempted to determine the work | 
done from the moment where contraction sets in, supposing 
that this moment is that of maximum resistance. In our opinion 
it is this last mentioned quantity which should be compared to. 
the work done in fracture in the case of a notched-bar tension 
test. The notched-bar tension test was carried out with the aid of 
a pendulum hammer directly yielding the work absorbed; it was 
applied to’ bars provided with a circular notch of the shape of a. 
truncated triangle (profile of a screw thread onthe international system.) | 

We see that the values of the work done in fracture in the 
notched-bar impact tests arrange themselves in the same order as 
the work absorbed by contraction, and that they do not lead to 
results which differ much from those obtained with plane cylindrical 
rods, whose coefficients, as we have pointed out in section II, 
are not much affected when we apply impact tests instead of slow 
tension tests. On the contrary the bending experiments with notched- 
bars bring out striking differences between the different metals | 
which do not become apparent on any tension tests, and this is 
particularly noticeable in the case of the steels A and B. The 
discrepancy cannot be attributed to any irregularity of the test. 
For it re-occurs in several specimens, and it can moreover be) 
produced. at will by submitting the metals to suitable thermal | 
treatment. The metal B shows coarse grains of ferrite. When this. 
texture has by heat been changed to fine grains, the work done 
in fracture in the notched-bar bending tests is raised to from! 
30 to 35 kgm. When the grain is again made coarse, the resilience 
becomes again weak, while the tension tests are only lo 
modified by these successive treatments. 

We deal here with a fact whose importance may Be disputed, 
but whose reality is incontestable. Bending tests on notched bars 
on metals yield information which the other at present applied tests | 
do not furnish. It would hence not be prudent to neglect these tests. 


V. Is there any Correlation between the Results of Notched-Bar 
Tests and the Behaviour of Metals in Use? | 


This is the most important question which we have to elu- | 
cidate, when we wish to take a decision from the practical stand- 
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int. It has often been said, that all the incompletely understood 
asts, to which we have recourse, and in particular the various 
iodifications of impact tests, are carried out with the object of 
ur guarding ourselves against accidental fractures in service. It 
yould therefore be most interesting to establish a distinct cor- 
elation between accidental fractures, such as we have been able 
ally to study in detail, and the results of tests, particularly of 
otched-bar tests. In order quickly to collect material for an 
xamination of this question Mr. Simonot has proposed to select 
ertain laboratories, which would charge themselves with experi- 
renting and would request engineers and constructors to send 
nem the broken specimens of abnormal fractures, together with 
he most complete information concerning their manu- 
acture as well as the conditions under which they were 


° 

{oing duty. In waiting for the realisation of this proposal, 29; Ay 

ve have to rely on less precise information which is \e 

lot without value, however. The cases of fracture of ‘i 
-F 


natine engine shafts have shown that such fractures 
we less frequent, when we take care to apply only 
naterials which have stood notched-bar bending tests 
vell. That is the conclusion at wihich Mr. Pierrard, 
mgineer in chief des Constructions Navales of the State 
»f Belgium. In the French Navy which adopted notched- 
yar tests for machinery and particularly for engine- 
shafting in 1898, the results appear to have been very © | 
satisfactory; the results have not been published, it is | 
rue, but the mode of testing has been generalised. In 
he most recent contracts for marine engine shafts 
iotched-bar impact tests of the kind which we described 
na note presented to the Budapest Congress’) are 
ndeed stipulated. 


\ 
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1) Extract from a specification of the French Navy for a line 
of shafting, straight, in soft steel, for the armoured vessel “Waldeck- 
Rousseau‘, | 
| Impact-Tests. Five bars are to be taken from each portion 
of the shaft and cut as for tension tests. 

The impact tests are to be made after the method of Charpy 
on three of these bars resting on knife edges, 120 mm apart, The 
ars shall have a section of 30 mm over a length of 160 mm. 

) The notch is to be made in the middle of the bar and to 
consist of a hole, 8 mm in diameter, tangential to the axis of the 
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At the Forges de St.Jacques, at Montlucon, we have obtained 
very satisfactory results with the rods of steam-hammers. Up til] 
1901 these parts were made in soft annealed steel, and fractures 
were of frequent occurrence. We then began to apply a thermal 
treatment with the object of raising the resilience, and we verified, 
by means of notched-bar impact tests, the quality of each piece 
before fixing it in position. The life of the thus improved rods has 
very considerably been lengthened. We quote the results observed 
with two hammers, one of 8 tons, the other of 10 tons, specially 
used for the manufacture of railway car tyres, requiring a very 
uniform treatment. Before adopting the modification, the rods 0! 
_the 8 tons hammer had to be exchanged 29 times in six years, 
and each rod lasted less than three months on average therefore, 
A rod of the superior resilience stood the work six years withoul 
breaking. In the case of the 10 tons hammer rod, 12 exchanges of the 
rod had to be effected in the course of six ye ars, each rod lasting six 
months on average. The new treatment reduced the number of failures 
to two in six years, every rod thus lasting on average three years, 


Among the metallic products likely to lend themselves to 
instructive comparisons we must mention the armour plates. The 
French Navy has for several years been making use of notched- 
bar bending tests in order to define the quality of plates sub: 
mitted and Mr. de Maupeou d’Ableiges, who was for many years 
president of the armour-plate commission, stated at the Brussels) 
Congress that, in his experience, these tests constituted a very| 
good guide in the manufacture of armour plates as regards 
keeping down fragility; the gun tests proved this. In a memoit 
presented to the Brussels Congress, Messrs. Snyders and Hack 
stroh, of the General Staff of the Génie of the Dutch Army, 
have described experiments which lead to a different conclusion; 


bar and joined to the surface by a saw-cut; thus the intact section of the bai 
is to be half of the total section. The hole to be pierced with a drill and to be| 
finished with the aid of a reamer. 

The tup, of the weigth of 18 kg, shall fall in the direction of the axis 0) 
the saw-cut; the hammer shall form an angle of 50° rounded off to a radius ol 
2mm; the height of fall is always to be 1m, | 

To pass, the bars must stand at least five blows without breaking; after 
the fifth blow they should be bent under an angle of at least 1479, correspaam | 


180—147 
5 = 6° 30' maximum per blow. | 


to a mean deformation of 
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armour plates of steel casting, which had given poor results in 
jotched-bar tests, proved not fragile in the firing tests. 

The contradiction between the two results seems to be more 
ypparent than real and to be due to a confusion as to the signifi- 
cation of the term “fragile“, which we discussed in the first 
section of this Report. From the fact that the material yielded a 
low value for the work done in fracture in notched-bar tests, we 
are not justified to deduce that the respective specimen will break 
when submitted to any test whatever. That would mean to assign 
to the test an absolute value which it can not possess in any 
manner. The notched-bar test, like any other mechanical test, can 
only indicate the relative value of two pieces. In order that we may 
be enabled to say that there is a correlation between notched-bar 
impact tests and firing tests of armour plates, it would suffice 
that, of two plates of the same form and dimensions and of the 
same order of hardness, the one which will prove most brittle 
when shot at, will also be the one that displays the smallest 
resilience. The memoir of Messrs. Syndersand Hackstroh does not 
mention any comparative trials of this kind with a negative result; 
we believe, on the contrary, that many cases with positive results could 
be quoted, and we have ourselves met with such results repeatedly. 
| ‘The preceding remarks are only offered as exemplifications. 
We think that the course of the discussions will probably bring 
‘out some precise facts. In any case it will be advisable to for- 
mulate a wish that observations of this kind should be multiplied 
and most minutely be classified. The International Association for 
Testing Materials might facilitate the collections of such documents as 
Mr. Simonot proposed in the article which we have already quoted. ') 

Only after having examined and discussed a great number we shall 
ke in a position to decide, not whether it is advisable to make 
‘notched- bar bending tests, but in which cases tests should be made. 


1) Simonot. Réflexions au sujet des Méthodes d’essai des Pieces Meétal- 
liques—Bulletin de la Société de l’Industrie Minérale, 1907, No. 1. 
| “How fruitful would discussions of subjects of this kind be, and how 
“much clearer would the problems of different tests and in particular of notched- 
bar tests become, if we systematically prepared specimens differing as to com- 
Position, manufacture and thermal treatment of the metals, and if these specimens 
Were put to use, in a testing station, having carefully had the results of the 
Various tests stamped upon them. The comparison between test values and per- 
formance would then be convincing. 
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Conclusions. 


The mechanical tests of metals present us with a great 
number of scientific and technical problems which are far from 
being solved. To utilise the tests in industrial practice it is suf 
ficient to regard these tests as means for the identification and 
classification of the metals. From this point of view none of the 
very numerous tests that may be proposed must be considered to 
be devoid of interest. As they can not all be applied in ordinary 
practice however, we must strive to arrange them in groups which 
will yield analogous results, so that we may content ourselves with 
carrying out one of the tests of each group. The tensile strength | 
tests and the impact tests of notched-bars certainly belong to 
different groups. The latter will, with reference to the former, 
always furnish us with supplementary information which will be 
interesting, very useful, and in certain cases even necessary. It is 
therefore important to apply them and to compare them with 
other tests as well as with the experience which we gain in the 
practical utilisation of the respective pieces. For this object we 
must be able to operate according to a fixed method which will give 
in all cases results that will safely be comparable with one another. 

We therefore propose that the Congress define a typical method, - 
which — without being forced upon any body — would be. 
recommended as a comparative test, and we should base the 
discussion on the report of Messrs. Martens, Stribeck, Lasche 
and Ehrensberger. | 

Secondly, in order that the Congress may explain the circum- 
stances under which notched-bar impact bending tests should be 
applied, we propose that the Congress address an appeal to all 
engineers and constructors, who could give direct information, | 
to send to duly equipped laboratories specimens in which inter- 
esting features have been observed, and that a commission be 
appointed for the purpose of centralising the results thus obtained 
and to draw up propositions to be submitted to the next Congress. 


There is no want of important manufacturing establishments where a great | 
deal of repetition work is done (for instance, the shops of automobile works), | 
and where such experiments could be carried out without causing considerable 
general expense, | | 

Why should not the International Association, which has not been able 
to found a laboratory of its own, invite certain laboratories and well equipped | 
establishments to conduct tests of this nature, perhaps even allowing an indem- 


nity in certain cases?“ 
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THE DEFINITION OF RESILIENCE IN IMPACT 
| LEST s. 


By Louis Révillon, Paris. 


Translated from the French by Dr, H. Borns, London. 


The following experiments have been undertaken with the 
object of ascertaining, under which conditions the definition of 
resilience, in its most restricted sense, can be taken as the same 
as the specific work done in fracture (spezifische Schlagarbeit), 
and of extending the limits of applicability beyond test pieces and 
rigorously defined apparatus. _ 

When we began to refer the kilogramme-metres of a test 
to the square centimetre of cross-section, we admitted the possi- 
bility of comparing with one another two tests made on specimens 
(of different dimensions. | 

What was the relation that might exist between unit values 
derived from tests of different specimens? 

All the investigators have shown that it is indispensable 
fully to define the test bar with which they are experimenting. 
‘Our experiments have hence been made by starting from one and 
‘the same type and by enlarging or reducing all the dimensions 
in a certain ratio. The resulting test specimens are designated 
homologous. 

We have served ourselves of a Guill lery machine whose 
energy is measured by the diminution in the speed of a fly-wheel 
Which carries the knife destined to break the specimens. The 
machine cannot break test-bars more than 12 mm in height, nor 
More than 75 mm in length; these were the limits of our ex- 
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periments, in which we had a maximum load of 60 kg at our 
disposal. The distance between the supports can be varied by 
shifting a moveable piece which holds the specimen and which 
advarces in the moment of the test. This small part which we 
call “anvil“ has been modified and, in addition to an opening oi 
40 mm width which is generally applied to fracture test-bars oj 
the Mesnager type of 10 by 10 by 60 mm, we have applied 
three other openings of 34 mm, 28 mm, 22 mm. 

The test-bars have been made on the lines indicated to the 
following dimensions: 10 by 10 mm with a notch, round at the 
bottom, 2 mm in width and 2 mm in depth; 12 by 12 mm with 
round notch of 2.4 mm depth; 8 by 8 mm with a notch 0} 
1:6 mm. The lengths varied; they are entered in the table of the 
results. 

The steel used for all the tests was always from the same 
casting and had been supplied to us in ample quantity in rods 
of 20 mm diameter. The specimens have been cut from these 
rods by means of cold planing; they have all been heated after- 
wards up to 850° and cooled in the air, in order to make the 
material uniform. | 

The analysis of the steel yielded the following percentages 

Carbon 0-245 | 
Silicon 0:20 
Manganese O51 
Sulphur 0:048 
Phosphorus 0:068 

These tests at once permit of drawing the following conclusions 

1. The length of the test-bar has no influence on the result 
of the test. This is obvious a priori, since the excess of lengtl 
is situated beyond the supports and does not intervene in tht 
resistance values. 

2. When the width of the anvil, i. e., the distance betweer 
the supports, is reduced, the gross result of the tests on specimen: 
of the same cross section, and consequently the resistance wil 
increase. 

3. Even if rigorously similar test-bars are taken, enlarged an 
reduced in a certain ratio, the reduction to unit cross-sections doe: 
not yield comparable values when the specimens are broken upot 
the same anvil. 
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~ Table I. Variation of the length of the specimen. 


Opening Value in 
Section of Length 
Anvil 


15°5, 15°5 
20°5, 21-5 
18°5, 19°5 
26, 21 
31, 33 
30, 36 
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_ Table II. Comparative Tests on the same anvil. 


Opening Dimensions Total Mean 


fo) 
of Anvil Specimens length length 


25°6 25°1 
21°6 216 
19°6 18 
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4. The results become, however, comparable, and the slight 
divergencies between them may be ascribed to experimental errors, 
when both the homologous dimensions of the test-bars and also 
the width of the anvil opening are varied in the same ratio. 

When the results of the tests are coordinated in series, a 
certain agreement between the unit values of the impact tests becomes. 
apparent; Table II needs no further comment. 


Table III. Grouping of Similar Test-Specimens in Series. 


Dimensions 
of 


Dimensions 


of Anvil 


Experimental 


Values 


Means 
reduced 
to cm? 


Specimens | 


30, 30, 31 
20, 20°5, 21°6 
11, 145, 14 
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25, 29 
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A second series of experiments has" been made on a halfhard 
ordinary steel of the following composition: 
Carbon 0,385 
Manganese 0,39 
Silicon 0,27 
Phosphorus 0,08 
Sulphur 0,08 
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The test-bars were prepared and treated exactly as in the 
first series, cut cold with the plane notched and annealed at 800°. 

The conclusions are less definite as in the former case. This, 
however, is the fault of the machine. When the resistance is great, 
a small error will not affect the result appreciably; in the actual 
case, however, a relative error of 2 kg in 6 determinations means 33 
per cent and spoils the value of the test entirely. 


Conclusions. The experiments described would tend to 
prove that, in impact tests, the quantities resulting from experiments 
made on specimens of different dimensions may be rendered 
comparable by referring the quantities to the cross-sections of 
the plane (not-notched) bar, provided we operate always on test- 
bars of the same type, whose dimensions are enlarged or diminished 
miee certain ratio, and that the distance between the points of 
support, or the width of the anvil which serves as support, be 
varied in the same ratio. 

If these first experiments were confirmed, it would suffice to 
adopt a certain type of test bar and to vary in all cases, and for 
all apparatus, the dimensions of this model and of the support, 
when we wish to arrive at a unification of the method of impact 
tests, which is alone capable of overcoming the actual opposition to 


such tests. 


As this conception is not explicitly stated in the definition 
of resilience or of specific work done in fracture, it would be 
advantageous to make an indication to this effect. 
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IMPACT TESTS AT VARIABLE TEMPERA- 
APB ARG Shs. 


By Léon Guillet and Louis Révillon, Paris. 
Translated from the French by Dr. H, Borns, London, 


Mr. Charpy has shown!) that, when the temperature of a 
yecimen, submitted to an impact test, is varied, results are 
otained which differ with changes in temperature. 

He has found that the resilience (specific work done in 
acture) first increases as the thermometer rises from the ordinary 


Resistence to Impact Tests as function of the Temperature, 


Resistance au. Chow on bonelionw de ha Zemperature 
60 


Légend e 
a... Acier Extra-Doux Acter # outils 
— Acer Doux 2. fnversatne Me 


Acter Martin dur \y- 4-4. Acier Nickel Chrome 


ee, — Extra soft steel Be =, toGl tsteet 

=... Soft steel eee eB percent, Ne 

Meeestialt Bard steel] oeeeeeeeeneeeen 7 percent Ni 
Martin steel +-+:+ Steel Nickel-Chrom 


1) Brussels Congress of the Intern, Association for Testing Materials 1906. 
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temperature up to about 150°, and decreases afterwards, passing 
through a minimum between 400° and_ 500°. 


We have conducted a series of experiments on the variations 
of the resistance to impact with temperature for steels, with the 
special object of investigating the so-called blue-heat brittleness. 


The results which we have obtained owe their interest to 
the observed constancy of the temperatures of maximum and 
minimum resistances which. Mr.-Charpy does not appear to have 
demonstrated. 


The steels which have served for our researches are in the 
first instance a series of ordinary steels increasing in carbon 
percentages, the analyses of which are given in the subjoined 
table, and in the second instance, some special steels which 
served in a second series of researches, undertaken for the 
purpose of completing the former observations. 


a 
| C | Si|mm| S| P 


percent 


Sa, NEN (NSS 


Number Steel Treatment of the Metal 


349 y Extra soft | 0218] 1:26] 0:24] 0°041] 0013] Annealed in air at 850° 
AOT y soft 0-345 | 0-20] 0:51] 0048] 0°068 — 
342 y | half hard | 0°491] 0-44] 0°84] 0044 | 0-062 . — sa 
3413 y Martin | 0°725} 0°40] 0°33] 0°025} 0:013 — 


344 y tool 1:224} 0°05] 0041 0:040] 0°023] Plane bars annealed 
at 700° 


481 y |2percent Ni | 0-085] 0°01] 0°15] 0-017 | Ni=2-29) Annealed in air at 890 
584 y | 7 percent Ni} 0°165| 0:18] 0:20 | Ni=7-10 ” » 9) 
225 y |Nickel-chrome] 0°105] 011] 0°34 | Ni=4-38] Cr=0-85 » 150° 


” ” ” 


Of each of these steels we have prepared, from the same 
bar, a series of 50 or 60 test-pieces of the Mesnager type, of 
10 by 10 by 60 mm; the notches were made with a milling tool, 
2mm wide and 2 mm deep with a round: bottom. In order to 
ensure uniformity of texture in the steels they have all been 
annealed, before the test, at a temperature which appeared most 
suitable to ameliorate the quality. Notes on the respective treatment 
will be found in the last column of the table. | 


p25 coal 8) Cie 
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Mode of Experimenting. 


All the specimens have been broken in a Guillery machine 
fn an anvil of 40 mm opening with an initial energy of 60 kgm. 


They were annealed in an electric furnance, heated by 
latinum resistance; the ends were carefully wrapped with asbestos 
loth, kept in position with the aid of a small casing of sheet 
netal. The object of this arrangement was to prevent cooling of 
he extremities in contact with the clamps and with the anvil, while 
he specimen was resting on the machine waiting for the test. By 
hese means the cooling was kept very uniform, and the heat 
osses were confined to radiation. We have convinced ourselves 
hat this condition was satisfactorily fulfilled by watching the 
iomogeneity of the red glow during the whole period that the 
est-pieces remained at sufficiently high temperature. 


The temperatures were determined with the aid of a Le 
Shatelier thermo-couple. A hole of 25/10 had been pierced on the 
‘ight, side of the test-bar, at the back, slightly inclined, penetrating 
ip to the centre of the bar and up to about 3mm from the cross- 
section to be fractured. The thermo-couple was introduced into 
he hole, insulated with asbestos fibre and entering under slight 
fiction; the asbestos kept the hole tightly closed. 


The Thermo-couple was joined to a precision ereanomates 
of Siemens and Halske. 


The specimens were heated up to a certain temperature and 
quickly withdrawn from the furnace to be put then on the machine. 
The end of the thermo-couple was introduced; at the end of about 
10 seconds temperature equilibrium would exist, and the galvano- 
meter begin to fall. All the determinations were made during this 
period, and the specimen was broken sooner or later according 
to the points to be determined, as a rule as hot as possible, the 
temperature being read in the moment of disconnecting. The 
number of kgm absorbed was then entered, and the test-bar was 
allowed to cool in the air. 


In each series two or three additional experiments were 
conducted at the temperature of the room, which was noted; 
further one experiment with a test-bar heated to 100° in boiling 
water and broken as quickly as possible after having been placed 
on the machine; the interval amounted to 3 or 4 seconds. 
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At least two determinations were made at each of the points 
chosen, at intervals of 30° or 85° and often at smaller intervals 
in the neighbourhood of the minimum. In the diagram (Figure) 
the results are plotted together, the different curves being super- 
posed. . 


Conclusions. 


This investigation shows: 

1. When the temperature of a steel is varied, the resistance 
to shock, having first increased up to a temperature of about 
200° begins to fall and passes through a minimum, before it in- 
creases again, when the steel is red hot. 

The temperature of maximum fragility is always the same 
and equal to 475°, the temperature of incipient red glow, which 
is still distinctly visible in the semi-darkness, produced by the 
curtain of the apparatus. This temperature is not the so-called 
blue heat (300 or 325°), There is no particular fragility in a steel 
broken at blue heat. 

9. The minimum resilience exists in the special steels (No 
and Ni-Cr) tested, as well as in ordinary steels. 

38 There is a maximum of resilience, less fixed, at about 
150 or 200°, depending upon the nature of the steel. At this tem- 
perature all the steels tested mark a strength of at least 10 kgm. 
There is, therefore, no longer any true fragility. 

For one of the most brittle steels we found, e. g., 0 kgm 
in the cold and 10 kgm at 200°. 

4. The minimum of resilience observed at 475° in general 
goes below the value observed at ordinary temperature. This 
difference may amount to 6 or 7 kgm, and the diminution is all 
the greater, the softer the steel. 

5. For the nickel-steels the difference between the minimum 
of resilience and its value at ordinary temperature is still more 
pronounced than with ordinary steels. Thus for instance: 25 kgm 
at ordinary temperature, 12 kgm at 475°. 

6. In the case of the Né-Cr steel tested we find a remarkable 
constancy of the resilience with changes of temperature. It gives 
16 kgm in the cold and 16 kgm at the minimum, the curve — 
ascends very slowly, moreover, beyond the minimum. 


eed: bye 
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7. A relation between the variation of the resilience and the 


“transformation points of the steel does not appear to exist. It 


remains yet to be seen, how martensite steel and steel with gamma 
iron will behave as to fragility when the recalescence points will 
be lowered. 

8. In no case has any sufficiently marked fragility been 


observed which would account for the well-known experiment 


that a soft steel sheet can be broken at blue heat. In our opinion 


one point has still to be explained: 


Might there not be, as Mr. H. Le Chatelier has suggested, 


| a greater tendency to crack or a diminished resistance to repeated 
blows at this temperature? 


The tests, on which we report to-day, do not dispose of 


'more than a part of the task which we had set to ourselves. We 
_ intend to inquire into the following different points: 


a) Influence of repeated impacts on the resilience at different 
temperatures (impacts produced at variable temperature). 

b) Influence of permanent definite deformations produced at 
different temperatures. 

ce) Influence of the different elements on the resilience at different 
temperatures. 

We shall continue these experiments with nickel-steels 
and with nickel-chromium steels, and shall then examine 
tungsten steels etc. 

d) Variation of the resilience with the temperature in the case 

- of metallurgical products not belonging to the iron groups 
(notably brasses and bronzes) and inquiry into a possible 
relation between resilience and the temperature of forging. 
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\PPLICATION OF MODERN TESTING Doo 
JO0o00 METHODS TO COPPER ALLOYS. 


By Léon Guillet and Louis Révillon, Paris. 
Translated from the French by Dr. H. Borns, London, 


We commenced this investigation with the object of ascer- 
ining in how far the modern methods of testing used for iron 
nd steel would be applied to other metallurgical produets and 
thether it would be possible to interconnect with the aid of 
onstant coefficients the results of tensile strength tests and of 
ther tests. 

For this object we have studied: 

1. The ball-test for hardness, proposed by Brinell for steels, 
1 Substitution of the determination of the tensile strength when 
ipid testing is desired. The different experiments have been made 
nder a pressure reduced to 1000 kg in order to obtain, in the 
oiter metals, smaller impressions of more regular circular shape 
nd of well-defined outlines. 

2. The shearing method of Frémont which can only be 
pplied to very small samples. With steels the results are on the 
yhole very satisfactory, when Frémont’s coefficients are applied; 
ve method is convenient and gives a precise value, when a test 
as to be made on a small bulk of material. The test bars used 
rere 8 by 8 mm and of sufficient length to be put on the machine, 
om 25 to 40 mm. The value C’ of the resistence to shearing has 
irectly been determined by integrating the stress-strain diagrams, 
nd this value has been reduced to a cross-section of 1 mm. 

3. The notched-bar impact test. In the first series of experiments 
f’@ employed Frémont test-bars of 8 by 10 by 30 mm; in the 


III 6 4 
later experiments we generally substituted, in the place of these, bars 
of the Mesnager type, 10 by 10 by 60 mm, which are more 
convenient for breaking tests on the Guillery machine of which 
we availed ourselves, 

All the results so far obtained and the analyses of the alloys 
are tabulated below. The work, it must be understood, is not 
completed yet, and numerous further observations will have to be 
taken before any rules of practical value can be given. 

We have endeavoured to interpret the experiments in the 
following manner: 

1. In order to compare the tensile strength # with the hardness 
number a we have in each case determined the coefficient o} 
equality ¢ such that 

R= Css. oo 


which formula is already used for steels. 

The values found for e¢ are entered in columns 13 and 22 oi 
the table. They show, it will be seen, certain fluctuations. 
Nevertheless, for an annealed metal, we believe, we can adopi 
the mean coefficient | 


C = 01550 


which gives the means for brasses as well as for bronzes. The 
corresponding values of & [formula (1)] are well in accord with 
the values of direct tension tests, within + 2 kg. | 

Four of our tests display a considerable discrepancy. Three 
of these, however, concern metals which gave very small resistances: 
and the fourth (No. 165) must be faulty. For the elongation valuc 
is altogether abnormal; the tension test had betrayed the pool 
quality of the material, while the hardness test had given. the 
number which generally goes together with the actual compositior 
of the metal. This fact had been noticed and pointed out already 
in the case of steels. 

For drawn crude metals the above coefficient is no longer 
applicable. Within the limits of our experiments, however, in whict 
the hardening did not vary much, we might adopt an average figur¢ 


C= 0°405. 


This would be the coefficient for passing from hardness tc 
resistance, with the express understanding that both tests are mad¢ 
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in zones of similar hardening (by treatment in the cold); one must 
not indiscriminately pass from the periphery to the centre in bulky 
samples. 

As a rule the specimes of larger diameters yield coefficients 
which are higher than the means and approach those the annealed 
metal, since the middle portion of the bar, i. e. the least hardened 
(by cold working) zone, was taken in preparing the test specimen 
for the tensile test. 


2. The formula of Frémont for steels comprises two terms; 
if each experiment were considered separately, it would be difficult 
to find any coefficients for the comparison.~ 


To group the tests in an arbitrary manner would be illusory. 
We have preferred to plot out the results of the tests which we 
wish to compare. For each metal we obtain a point, when we 
take the R as abscissa, and the C, the unit resistance to shearing, 
as ordinate. 
| The study of the various points for the annealed metals has 
given us the formula 


= 5 (C—6) 


We cannot say, however, how extrapolations could be made 
outside the range of our tests. 


Some quantities, moreover, show notable discrepancies from 
this formula, and the experiments are still too few in number to 
justify our stating a rigorous law; the part due to experimental 
errors can not yet be determined. 
| If we confine ourselves in the case of drawn metals to those 
Which have undergone the same degree of cold working, we find 
an analogous relation 


This formula gives values which do not differ much from those of 
the first expression. As regards annealed metals, only those which 
have an exceptional resistance differ considerably, as they do in 
the hardness tests. Brass (No. 165), showing very slight extension, 
also behaves exceptionally; when the values of R are calculated, 
in the case of brass, from the hardness and the shearing tests, 
tesults are in accord, but the agreement with the directly determined 
tensile Strength is not good. 


= | 


| 
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3. The values obtained in the notched-bar impact tests copper 
alloys are always very much inferior to those given by steels, 
even when the alloys show greater elongations. Unfortunately we | 
have very few experiments on this point with annealed metals, 
and among those there are no cases of really brittle metals; it 
is hence difficult to draw conclusions. 


Cast Products. We have submitted some cast bronzes to 
the same methods of research. The first experiments are sufficient 
to state that, in the case of crude alloy castings, the hardness 
does not tell us anything about the tensile strength; the same 
holds for the impact test. The variations in the results of these 
tests follow the variations in the composition of the alloy, while 
in the tension tests fracture will in most cases occur quite unex- 
pectedly. The deformations of the specimen are irregular, and the 
fracture is abnormal; it may take place before the elongation has 
been completed, near the head or at some spot which is weak 
owing to some impurity or to a fault in the casting. 


We hope to cure these defects by an appropriate thermal 
treatment and to produce a homogeneous metal of good strength 
for which it will be possible to establish concordance between the 
different tests. 


In resuming we should say as regards the rolled products | 
examined: 


1. From the determination of the hardness number a CO- | 
efficient can be derived for the annealed metal which will, within 
+ 2 kg, indicate the tensile strength. 


For drawn crude metals, worked in the cold under the same 
conditions, a comparison, with the aid of an other coefficient, is 
also possible, but more approximate. 


2. The shearing test may also be substituted for the tension 
test in the case of annealed metals; the formula, expressing the 
correlation, consists two terms. | 


The drawn crude metals yield another formula which within 
certain limits answers almost as well for all copper alloys, ordinary 
or special, drawn or annealed. 

The two methods can not, it will be understood, take into 
account any accidental defects in the strength of a metal; they 
give the strength value which corresponds to the composition of 


cer eeey (ae = 


: Ile 
he metal, while the tension test brings out more frequently — 
aults due tothe manufacture: oxides, imputities, blow-holes, or 
vitting. 

+ 3. The impact. tests, could probably give more information 
‘oncerning such defects than the others, The values obtained in 
hese impact tests are always lower than those which steels 
vould yield, even when me copper alloys show considerable 
Jongation. | 


These aed ne are still uncertain as the number of 
xperiments on this point is ‘so far insufficient. 

No relations between the different tests have. been found for 
rude castings. It will be necessary to transform the. grain before 
he test by some suitable thermal treatment. 
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Material Analysis Crude Casting 
= | 
Tension Test | Impact | | 
Nature (Nos.| Cu Sn Zn S| 
R A], | Frémont | 
Ordinary | 1 | 95:12) 4:67 18:1) 94 ae 
PEON 1) go-gh igeo 20°9| 17 6 
3 | 92:18] 7:90 20°7| 9 BB 
4 | 90:65} 9:35 25 19 65 
5 | 89:73} 10-24} 228} 10 5-5 
6 | 88°53] 11-23 27-7| 10 4 
7 | 85°37] 14:53 25:2| 0-5 25 
8 | 82:04] 17°67 28:2| OD 2 
9 | 80:05 | 19:50 29:9 0 0-5 
10 | 75:30] 24:28 = 0 | 
Special | 19 | 91°18] 711] 1:69] 22:5) 381 13 6 
Bronzes | 99! 91-70| 6 | 2:27| 21:8) 29 |24 (cp) ae] 
21 | 91-70} 4:80] 3:02] 218] 265; 17 | 7 
22 | 91:25] 3-26] 521] 216) 315] 165 | 6} 
231 9194| 0-40] 750| 217] 35:5] 185 | 5 
24] s454| 13:50] 1-49] 195| 25] 2% | 10! 
25 | 84:15] 18:15] 2:53] 21:6) 75 3 | 9] 
26 | 84:77| 11°58| 3:37] 187] 8 25 | 8I 
27 | 84:71} 9:50] 5:42] 201] 14 45 | 7] 
28 | 85:59] 720) 6:50} 169) 15 6-5 | ay 
29 | 85:11| 4:96] 10:18] 21:8] 30 10°5 | 5] 
Aluminium 97:00 Al=300| 20°9| 86 20 | 3 
Baa 94-88 Al-504| 22-6; 41 | 25 | 4! 
93:18|  .|4to76| 247; 49 | 12 |) 5) 
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UALITY TESTS AND ENDURANCE TESTS 
OF COPPER WIRES. 


By Professor F. Schiile and E. Brunner, of Zurich. 


Translated from the German by Dr. H. Borns, London. 


In view of the steadily increasing demand of copper wire for 
lectric conductors, especially for trolley lines, an accurate know- 
dge of the mechanical properties of the commercial materials 
nd a clear distinction of what is designated soft, half-hard, and 
ard copper appear desirable. 

The Federal Testing Institution (EKidgendssische Material- 
rufungsanstalt in Zurich) has in conjunction with the Swiss Electro- 
chnical Association (Schweizer Elektrotechnischer Verein) con- 
ucted an extensive inquiry into the quality of copper wires, 
upplied in five sizes by six firms, The results of this investigation 
re contained in the subjoined Tables I and II. 

The soft and the hard copper wires of the several firms 
iffer little from one another in their mechanical properties; the 
alf-hard wires, it will be seen, differ considerably. Trolley wires 
re, near their suspension points, exposed to local bending stresses 
hich are very injurious to their durability; there are in addition 
he tensile stresses due to the sagging of the wires and temperature 
fariations. On the instigation of the Swiss Railway Department the 
ederal Testing Institution between 1905 and 1908 has submitted 
mm wires, of soft, half-hard, and hard copper, to endurance 
ending tests under different tensile stresses. The results of these 
ests are tabulated under III and IV; Table III concerns the quality 
ests, Table IV the bending tests. 
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It results that only hard copper can bear without breakin, 
to and for bending, repeated for millions of times to a radius of 47 
(13 ft) under a tension of 0,2 ton/cm? (2845 lbs, per sq. in.). Whe 
the hard wire was heated up to 300°C. for one minute during th 
tinning operation, the metal was changed to such an extent the 
it practically gave the test coefficients of a soft copper. 


I. Series. Ordinary Quality Tests of Copper Wires. 


The material at disposal of the Institution consisted of set 
of wires of soft, half-hard, and hard copper, diameters 1, 2) 4 
6, 8 mm, supplied by six different copper works. These material 
were submitted to the following tests. 


1. Strength tests, the tensile strength contraction of area, elon 
gation, and work done in fracture being determined, the latter witl 
the aid of stress-strain diagrams. The work done in fracture wa 
further determined as the product of specific tensile strength ani 
elongation. 

2. Torsion tests. The length 7 between clamps was 20 cn 
(7,87 in.), and n the number of twists which produced fracture. Thi 

rdn 
l 
d is the diameter of the wire, and » and J have thewjus 
explained meanings. This coefficient indicates the mean patl 
which a point on the surface of the wire had described at thi 
moment of fracture. | 

3. Impact bending tests, made with the well-known aparatu! 
of Amsler-Laffon & Sohn, of Schaffhausen. The wires wer 
bent through an angle of 180° over a mandrel of five times thi 
wire diameter. . 


torsion coefficient was deduced from the formula G= , wher 


II. Series. Endurance Bending Tests of Copper Wires. 


These tests were carried out with the aid of a special ap 
paratus, constructed in the Testing Institution. Four wires Caf 
be tested at the same time, and they are bent to and fro unti 
fracture ensues, the height of fall, loads, and radii being ad 
justable at will. : | 

The number of bendings applied was recorded by a countei 
which was automatically cut out by the breaking wire. The ap: 
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wratus worked at the rate of about 54 double bendings per 
‘inute for eight or nine hours a day. 

~The material for these tests was supplied by Felten & Guil- 
laume, Carlswerk, near Mulheim on the Rhine, and consisted of 
‘ft, half-hard, and hard 8 mm copper wires; particulars as to the 
joperties are stated in Table Ill. The wires were all tested as 
(pplied. Sections of a number of hard wires were tinned and 
sain submitted to the same tests after cooling. 
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VIll4 
1A NEW MIRROR APPARATUS FOR‘ MEA-DO 


SUREMENTS OF ELASTICITY. 


By Professor B. Kirsch, Vienna. 
Translated from the German by Dr. H. Borns, London. 


_ Those who have to take many measurements of elasticity 
opreciate the advantages of easily manipulated apparatus. The 
“st mirror apparatus, the extensometer of Bauschinger, worked 
«cellently. That it has recently been replaced by the splendid 
\paratus of Martens is chiefly due to the fact, that the latter is 
9 easily mounted. As regards the primary requisites, accuracy of 
{e measurements and control of the scale of magnification, the 
vo instruments are regarded as equally excellent. If I have designed 
‘mew apparatus, my reason has been that both Bauschinger’s 
iller and Martens’ prisms are subject to wear and have hence 
{ be kept under continuous control. 


I need not enter into a detailed description of the two well- 
hown apparatuses and will confine myself to the principal points. 
| Bauschinger’s apparatus the small elastic extension of the 
Secimen is made to turn a little roller of hard rubber R (fig. 1) 
gainst which the small steel bar S is rubbing. The mirror is 
‘ounted on the axis of the roller. The spindle of the roller is 
gidly coupled with the one mark on the rod, the bar with the 
ther mark; thus the displacement of the bar relatively to the 
»indle of the roller will be equal to the change in length to be 
easured. The diameter of the roller must accurately be known 
id be the same in all directions. 
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In the apparatus of Martens the bar S (fig. 2) is provider 
with a notch N, into which the prism P fits. The change in th 
length, that is to say, the displacement of 5S, which is agair 
joined to the one mark on the rod, will tilt the prism which rest: 
at A in the second mark. A mirror attached to the side of P wil 
participate in the turning of P about the point A and is utilise 
for taking measurements. The distance between the two knife-edge; 
must accurately be known and must be constant. | 

The new apparatus, which Amsler 4 

2 Sohn, of Schaffhausen, have constructed t 

my design, is illustrated in the diagram, fig. 3. 

ce | The two bars S, and S,, the one o 
which lies on the first mark, the other or 
the second mark of the rod, are displace 
with regard to one another by the amoun 
of the extension. The two rails are connecte 
by the band spring of steel B, Bs, abou 
0,1 mm in thickness, which is fixed int 
the two bars; the displacement of the bar: 
S, and S, causes the spring to assume an * 
curvature. The central portion of the spring 
supports the spindle of the mirror which i: 
=e fixed to the side of the spring; the mirro! 

é will turn when the spring is curved, and it: 
angular movement will, as a simple calcu: 


= lation would demonstrate, be proportiona 
5, to the displacement of S, with regard to 5) 
Fig, 3. This extensometer does not contain an) 


parts which are subject to wear, and tht 
scale, once determined, will remain unchanged. Mirror and bars 
form one piece which is very readily mounted. The test length i 
given by the apparatus; gauge marks need not be made on tht 
specimen. The rotation of the mirror is a little greater than it) 
the other instruments. 

In determining the scale of magnification, I fix one fragmen 
of a specimen on the movable table of a dividing machine, th 
other fragment to the frame of the machine. The apparatus it 
mounted on the fragments across the gap between them as if ar 
extension test were to be conducted (fig. 4). The travel of the 


DS Oe 


| Villa 
novable table is determined with the aid of a microscope and a 
‘ttandard scale, and mirror readings are taken at the same time. 
"his method of control is more exact than any other. 
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Fig. 4. 


Front Elevation. 


Bazk 
Elevation. 
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Scale 2: 3. 
Pigs oy, 


Fig. 5 illustrates the apparatus in the scale 2:3. The most 
‘Mportant parts, the two springs which bend to S shape, are 
Ndicated by the letter b; S is the mirror, and G its counterpoise. 
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The stops at a prevent too large a Bait 


screw / puts the springs 6 under a small TENSION 
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until a measurement is wee ie ne on tae oa 
be released while the measurement proceneay cy h 
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PARKS AS INDICATIONS OF THE DIFFE- 


RENT KINDS OF STEEL. 


By Max Bermann, Budapest (Hungary) 
(Translated by A. R. Liddell, Charlottenburg.) 


In the grinding of Iron Materials by means of emery wheels 

sinding-sparks are given off. 
According to their dimensions and their edges and angles 
(section, as also to the pressure at the surface of contact 
(tween the metal and the wheel, the sharp edges of the emery 
cystals detach chips of different, but certainly very small sizes, 
é a very high velocity. The mechanical work hereby transformed 
io heat raises the temperature of the chip to a red heat. 

The glowing chip is thrown off with the peripheral 
vlocity of the emery wheel, and forms the grinding-spark, 
he crystals thus crumbled from the emery wheel are also thrown 
9; but they are not red-hot, and cannot therefore be mistaken 
i the sparks. 

The path described by the spark from its origin to its dis- 
‘pearance (the extinction of the spark is equivalent to its dis- 
1pearance) forms a line of light which we shall call the 
sark-ray. 

The length of the spark-ray varies very considerably, and 
tpends upon the size, and therefore upon the mass, of the 
Sark. 

The larger sparks fly to greater distances, the smaller ones 
(distances of a few centimetres or a few millimetres. The size 
) the sparks depends principally upon the size of grain of the 
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emery, the speed of cutting, the nature of the metal to be ground 
and the pressure with which the wheel is made to bear agains 
the metal. The initial temperature of the sparks is influence: 
principally by the cutting power and cutting speed of the emer) 
wheel, and in a minor degree by the nature of the iron materia 
to be ground. | 

The influence of the emery wheel, however, by far outweigh 
that of the quality of the iron. 

If we consider a spark-ray of | 
soft steel (wrought iron), say one 
the longer rays, we see that it forms; 
quite fair line of light, the end o 
which assumes the form of an extende 
drop (the point of the drop lies toward 
the front in the direction of flight of th 
spark). The heat of this drop-formatioi 
varies between a bright red and a whit 
glow, and on closer observation w 
find that its pointed dark red end i 
extended so as to form a second muc 
smaller drop. At the point at whic 
the first drop formation is broa 
dest, i. e. where 1 iS sia whit 
heat, it branches ise pointe 
prickle-like lines rushing out 0 
it in every directions with a 
explosion-like appearance. Ih 
pointed branching lines have, im i 


Fig. 1, Eats 4 
Spark-Sheaf y Hard Carb lateral projection, a forked appearanct 
— ae are aee™ while in the direction of their fligt 


they look as if rushing from a Vet) 
brightly-glancing knot shooting forward in an explosion-lik 
manner and disappearing in a moment. - | 

This explosion-like appearance and articulation 0 
the sparkray is different in the cases of different kind 
of iron, and is in fact characteristic for these. 

We shall give this phenomenon, which is the characterist 
form of the articulation, the name of the spark-picture. 

The spark-picture of the carbon-steel is the tuft of pre 
like lines. 
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With a percentage of carbon of 0:07 to 0:08 the number of 

,ese lines is from 2 to 3, and these appear to start from differ- 
at points of the brightly shining drop-formation. With an increase 
* the percentage of carbon the number of the branching lines 
so increases. With 0°25 to 0°27 per cent of carbon a crowd of 
‘ickle-lines appear, and they spring from a common point of the 
op-formation. With a still larger percentage of carbon the prickle- 
aes cover a correspondingly large part of the drop-formation 
ith a proportionately greater clo- 
eness of crowding. 
| The numbers of the prickle- 
nes in the spark-formation 
re proportional to the percen- 
iges of carbon contained by 
re different kinds of steel, so 
rat conclusions may be for- 
ed from them in regard to the 
itter. 
_ The spark-picture of steel which 
yntains manganese is so characteri- 
ic, that it is almost impossible to 
istake it for that of any other kind 
~ steel. The ends of the individual 
ranching lines in this case are no 
Inger pointed, but in each instance 
10w a secondary explosion-like 
Aenomenon, in so far as shorter 
aes collect like leaves round a 
ommon central point. 


Fig. 2, 
Thi 
‘ puaaly eg aye pecans Spark-Sheaf of a Tool Steel rich in 
nes in the spark-picture characterizes Manganese. 


ie Manganic steel. The number and 
ie closeness of the primary branching lines springing from the 
‘op-formation are again the greater, the larger the percentage 
* the carbon in the steel. The extent and the shape of the spreading 
ids of the primary branching lines appear to stand in connection 
ith the percentage of manganese contained by the material. 

In the case of crucible cast-steel the spark-picture resembles 
ie branch of a blossom, and the individual branching lines have 
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a lilac-like form. This enables the crucible cast-steel to a] 
distinguished from other kinds, as for instance from Siemens) 
Martin steel, by means of the spark-test. | | 


Not less characteristic, and thereby surprisingly easy { 
recognize, is the spark-picture of steel containing wolfram. Th 
spark-rays are dark red hatch-stroked lines, the ends of whicl 
show no spark-picture when the emery wheel is not sufficienth 
sharp and the pressure betweer 
wheel and steel is small, and onh 
the last little stroke in the spark 
ray, which has a broader anc 
more brightly-glowing appearance 
points to the beginning of ¢ 
spark-picture. 4 

If we cause the steel to beai 
with a greater pressure agains 
the emery-wheeél, the drop-for 
mation appears at the end of th 
Spark-rays, and out of it spring thé 
branching lines in an explosion: 
like manner. The ends of thes¢ 
lines, however, are neither pointec 
nor leaf-like, but take the form: 
of little shining pin-head-lik«| 
balls. Beside the little balls the 
branch lines are scarcely visible. 
and the appearance of the whole 


Fi : 3. 1 2 ote ak f 

GuaekecShear ie E st gel eta iia if the shining balls were 
ark-Sheaf o 

P e a Special Steel rich in thrown directly Sp ueiiianan i. 

Wolfram, | | 


formation. 

The spark-sheaf (the combination of the spark-rays anc 
spark-pictures) of the chrome-wolfram steel (high-speed-steel) is 
distinguished from that of the wolfram steel by the circumstamct’ 
that two kinds of ray appear, viz. very thin dark red and thicke! 
brick-red ones which are absent in wolfram steel. The spark-picture: 
of the high-speed steel consist solely of short curved drop-formations | 
In many kinds, such for instance, as Bohler Rapid, Mark eal, 
solitary long needle-shaped lines with clubbed ends shooting ou! 
from a central point also make their appearance. These may be| 
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| 
ken to show one or other of the subsidiary alloy metals, such 
s are made use of in the manufacture of high-speed steels. 
The drop-formations of the spark-sheaf have a strikingly 
igher speed of flight, and look as if they were suddenly thrown 
9 agreater distance in the direction of their flight by an internal force. 
| The spark-picture of nickeliferous steel is completely identical 
vith that of carbon-steel with corresponding percentage of carbon 
nd reduced percentage of nickel (3 per 
ent Nz). In case of a larger percentage 
if nickel (nickel-steel), however, the 
ickel steel can very readily be re- 
ognized by the aid of the spark-test, 
yecause in connection with it the spark- 
victures only show themselves in a 
poradic fashion here and there, where- 
is in the case of carbon steel they 
yecur in close proximity and in close 
juccession to one another. 

In accordance with its composition, 
ind more especially with its percentage 
of carbon and manganese, cast-iron - 
tives spark-pictures which differ from 
me another. The drop-formation is in 
very case present, The branching lines 
‘ange themselves very closely along 
he brightly shining part and, in accor- 
jJance with the relative percentage of 
nanganese, show ends of more blunted 
or more leafy appearance. 

On the basis of this description Suva die bk atten ae 
. Rapid Steel. 
of the characteristic spark-formations 
We are now able to recognize the different kinds of iron and 
steel, to distinguish them one from another, eventually to establish 
heir identity, and, by dint of special practice with analysed 
naterial and the use of standards, to determine the exact percentage 
of amalgamated carbon in each kind of iron. 


Fig. 4. 


Proficiency in the judgment of the spark-formation can be 
much more easily attained when an acceptable explanation of the 
spark-pictures is forthcoming. 
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The facts and indications which provided me with a bas 
for this explanation are the following: | 
1. At a certain point in its line of flight the red-hot spar| 
assumes a yellow heat; it then reaches a white heat, thereby 
transforming itself in an explosion-like manner into the ‘Spark 
picture, © .¥) i 


2. At the moment of its explosion-like transformation th: 
spark is in the fluid state. | 


In regard to 1, a proof need hardly be given. The fluic 
condition of the spark, however, is not apparent without close) 
investigation. If we introduce a plate of glass at right angles tc 
the line of flight of the sheaf of sparks, it will become coverec 
with extinct sparks. The microscopical examination shows tha 


Gr 


Fig. 5. | Fig. 6. 


Extinct Sparks of Nickel-Iron adhering Extinct unfused Sparks of Nickel-Iron, 
to the Glass Plate. collected on a Glass Plate. | 


part of the sparks reach the glass plate in an already fluid: 
condition and crystalize there in the most diverse relievo forms, 
or splashe asunder (Fig. 5), while another part adheres to it| 
only loosely and can be easily rubbed off. This latter kind 
consists of chips of various forms corresponding with the various} 
cutting and bearing angles of the emery crystals (Fig. 6). 

A further proof for the fusion of the sparks is afforded us| 
by the examination of the grinding-dust which has fallen unhindered 
to the ground (a mixture of emery-crystals and extinct sparks). 
By the aid even of an ordinary magnifying-glass we see, side 
by side with chips of iron, little smooth shining black and blue 
balls, which unquestionably point to a chill in a fluid condition. 
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And now for an explanation of the facts: 

The increase of heat of the spark (where an extinction due 
9 rapid cooling would more reasonably have been expected) was 
saused by an internal source of heat, represented on the one hand 
sy the transformation-heat of the kind of carbon in question 
at the critical temperature produced by cooling, and on the other 
oy the combustion-heat of the transformed carbon which in the 
status nascens suddenly burns. The heat of oxidation of the 
axterior surface of the mass of sparks acts in opposition to the 
coo rapid cooling of the spark. The quantity of oxygen necessary 
‘or the combustion of the carbon is now supplied by the crust 
of black oxideof iron, which, up to the point of critical temperature, 
1ad been formed. 


The heat of combustion of the carbon constituent provides 
the quantity of heat necessary for the fusion of the mass of 
sparks. As a matter of fact, however, this heat is not sufficient 
‘o melt the whole mass, because the amount of the carbon is too 
small. A melting of the spark takes place when the mass 
of the unoxidised core within the oxidized iron crust is 
small enough to be melted by the quantity of heat avail- 
able. In this case the combustion-gases of the amalgamated carbon 
ourst the outer crust of the spark-mass and thrust out the fluid 
contents in the direction of the primary branching lines. The 
silicium and phosphorus therein contained also burn at the melting 
heat of the iron and raise the temperature of the fluid mass. 

_ From this explanation it follows, that the size of the fusible 
spark increases with the percentage of amalgamated carbon, while 
the quantity of the fluid core and the tension of the combustion- 
gases are correspondingly greater and the branching lines more 
aumerous. » 
| We now have the explanation of the circumstance that the 
dercentage of assimilated carbon bears definite relation to the 
qumber of the branching lines in the spark-picture, and are also 
n possession of the proof of the fact, that not all sparks give 
spark-pictures. 

It must command attention that in spite of the explosion- 
ike articulation of the spark-picture at one point of the line of 
light, the branching lines often appear at different points of the 
drop-formation. I find the explanation of this in the difference of 
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the speed along the line of flight, and at right angles to it, after’ 
the bursting of the spark-crust.) 

The practicalapplicability of the spark-testis anit 
The most important instances of it may be shortly given as) 
follows: 

1. The classification of the different kinds of iron in 
accordance with “percentage of carbon“ and “principal alloy-metal*. 

The ends of rods which may eventually have been wrongly 
arranged in the storing-rooms of the iron-working industries are 
made to bear against the revolving emery wheel. The shape of the 
spark-picture gives unerring indication of the kind of iron to which 
the rod in question belongs. Pointed branching lines in the spark-. 
picture denote carbon-steel, e. g. Siemens-Martin steel: leafy ends. 
of the branching lines a manganic steel (Siemens-Martin steel 
with larger percentage of carbon). Spark-pictures with a blossom- 
branch-like arrangement indicate ordinary tool-steel: dard-red-| 
stroked spark-rays and shinig points and little balls thrown out; 
of the drop-formation, wolfram steel; two different kinds of spark- 
rays of dark red and brick-red colour, respectively, with short) 
unarticulated drop-formation, high-speed steel with chrome 
and wolfram as alloy elements; when explosion-like articulation 
is present, a secondary-alloy metal (molybdenum, vanadium, | 
or titanium) is in question. | 

2. The spark-test is so sensitive, that it gives strikingly clear: 
indication. of a difference of 0,01 per cent of carbon, and it accord-. 
ingly offers a very simple and rapid check on the chemical 
analysis in regard to the amalgamated carbon in steel, and also 
forms a suitable check on the Siemens-Martin process (in place 
of the forge-test), in particular when analysed standards are made | 
use of for comparison. The assay sample is chilled and the, 
sparks compared with those of the standard. The carbon 
in the charge is then increased or lessened, according to the: 
differences which show themselves. 

8. At the taking-over of different kinds of iron the 
eee supplies a sure means of excluding material which does) 


1) In regard to the other spark-pictures and details, I must, in view of 
the limited space at disposal, refer to my article “Die Funken als Erkennungs- 
zeichen der Stahlsorten* (The sparks as marks of recognition of the different, 
kinds of steel) which appeared in the “Zeitschrift des Vereins deutscher Ingenieure* ra 
1909, No 5, Vol. 53. 
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jot comply with the conditions. When a suitable sample is available, 
t is only necessary for the testing official to satisfy himself of its 
dentity with the material offered, by comparison of the spark-pictures. 
| The material for quality tests is chosen from charges 
vhich give spark-pictures identical with those of the 
amples, and trom such the spark-pictures of which show 
Womsiderable difference. At the test, these latter will show 
hemselves as not in accordance with the conditions. 

| 4, The spark-test supplies a very sensitive means of establishing 
vith certainty any differences there may be in the chemical 
somposition @reditrenent pointssincthe iron product, and 
ilso in finished objects and structural parts (see Point 2). 

5. The spark-sheaf and the spark-pictures provide 
he possibility of at once determining, whether a cast- 
ron is grey or white, and also of distinguishing shades 
of difference in the individual varieties, 

Fine dark-red spark-rays, spark-pictures here and there, and 
ines collecting round the drop-formation like a net, formed by the 
eaf-like articulation lines, denote black or very dark grey 
vast-iron: spark-pictures corresponding with manganic steel, grey 
sast-iron. The net-like lines retreat more and more with the 
mcrease of the assimilated carbon, and with light grey cast-iron 
hey disappear altogether. | 

6. In shop work the spark-test, when once introduced, is not 
vasily done without. In the hardening room counsel is taken 
vith the spark prior to the hardening of the tools (which are 
oday made of steel of the most varied kinds), to avoid the 
cCurrence of gross mistakes in the hardening temperature applied. 
“he wire for the manufacture of different spiral springs 
sS likewise examined with the emery wheel, to see whether 
it has meeeaecoree Of hardness suitable to the: purpose 
n view. 
| In the forge, the spark is applied to the distinction 
if good malleable wrought iron from such as is difficult 
lO Weld, etc. 

The importance of making a process of such simplicity 
Vailable for general practical purposes, may perhaps repay the 
rouble of closer attention. It affords me satisfaction to have done 
ay part towards such a consummation. 
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YN THE PRINCIPLES OF “TECHNOLOGICAL 


MECHANICS“. 
By Dr. techn. Paul Ludwik, Vienna. 


‘rom a preliminary Communication in the “Osterr. Wochenschrifi 
fur den offentlichen Baudienst“, 1908, No. 42, p. 762.) 


Translated from the German by Dr. H. Borns, London. 


Let the body consist of elastic elements (molecular groups, 
‘articles of matter) which are in contact and which may (under 
ertain conditions) permanently be displaced with regard to one 
nother. Let the dimensions of these elements vanish by compari- 
on with the deformations under consideration, and let the whole 
iody be homogeneous and isotropic. The specific tangential force 
shear stress), which is required to produce a relative lasting dis- 
ilacement of the elements, may be designated “internal friction“). 

Making the assumption that elastic strains are based upon 
he elastic deformability of the elements”), it can be shown that 
ny permanent deformation consists, on the one hand, in a 
vermanent relative displacement of the elements along two 
ystems of planes situated symmetrically to the chief stresses and, 
| 1) In general the internal friction increases with the hardness, the specific 
hear, the tensile stress normal to the sliding plane, and with the rate of yielding; 
ut the magnitudes of these influences differ considerably with different materials. 
| These features also distinguish the limiting types of “solid* and of “fluid“ 
jodies; for the state of rest (that is, for zero velocity of displacement) we have 
1 the former case R>O; in the latter case — in spite of the cohesion which 
Nay not be inconsiderable — R = O, 

*) The real causes of the elastic deformability are not yet understood; for 
he present we have to be satisfied with “explaining“ the elastic deformability, 


vhich is observed in the body as a whole, by a corresponding property of the 
lements, 


| 
. 


Vilis 


on the other hand, in a relative torsion of these planes with me | 
to the original material, which torsion increases with progressive 
deformation. 

Under the common influence of y and 6 (magni and 
nature of the previous specitic shear) on the magnitude of the 
internal friction the originally homogeneous and isotropic material 
becomes more or less homeotropic (according to the magnitude 
of this influence). 

It would result from torsional tests made with previously 
stretched copper and brass, from comparative tension and compression 
tests of copper, and steel, as well as from comparative tension and 
torsion tests of copper, brass, french-beck metal, packfong and steel 
that the influence of the torsion B upon the magnitude of the internal 
friction is generally subordinate to that of the shear y, and that it 
is hence above all the relation between internal friction and 
specific shear which characterises the behaviourof a strained 
material and the alteration in the degree of fluidity in the flow 
phenomena. This relation may therefore briefly be termed the 
“flow. curve“ (the specific shears being understood as abscissae, 
and the internal frictions as ordinates). | 

The higher the starting-point of this curve, the harder will 
be the “original material“; the steeper the curve, the mma | 
intense will be the hardening by working in the cold which the | 
material undergoes under increasing strain, and the greater will be | 
the deformation resistance which the material will oppose to further | 
working in the cold; the later the curve attains its culmination, the | 
more “plastic“ it will be.°) 

The importance of the “flow curve“ for testing materials is 
further proved by the fact that — as the experiments mentioned 
confirm — both the tension and the compression diagrams — 
as well as the torsion diagram (this last point should be 
emphasised) can be deduced from it. 

It resulted moreover that the torsion test, which so far is sO 
little appreciated in testing materials, admits of a much more 
complete determination of the “flow curve“ than tension and 
compression tests. 


3) Compare also: P. Ludwik, “Uber Zahigkeit und Schmeidigkeit*, “Zeit- | 
sehrift fiir Werkzeugmaschinen und Werkzeuge*, 1908, No. 23, p. 827. 
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ee AL FRICTION IN LOADED MATE- 


RIALS. 
wG H. Gulliver, B.Sc., F.R.S.E., A. M.I. Mech. E., of Edinburgh. 


The - beautiful experimental researches of Hartmann}), 
ombination with a theory of internal friction which seems to have 
een due originally to Navier, have been utilised by Mesnager,?) 
tejto*), and others in some interesting memoirs. The writer also, 
m a number of occasions, has sought to employ, and in some 
espects to amplify these methods; and a brief summary of certain 
esults obtained in this manner are given herein. 

“he Inclination of the Lines of Luders to the Direction 
| GPSS tress: 

| Experiments were begun merely as a repetition of some of 
qose described by Hartmann. In the first place, soft steel bars 
f various shapes were loaded in tension to somewhat above the 
teld point, so that the lines of Luders were fairly numerous 
nd well defined. The inclination of these lines to the direction of 
Eo Was measured; and was found to be very nearly constant, 
S mean value being about 50°. In Hartmann’s experiments this 
ngle varied between 65° and 58°, according to the material, but 
oft steel does not appear to have been tried. Subsequently, the 
vriter found that a soft steel bar, of which the width was several 


t 


1) “Distribution des déformations dans les métaux“, Paris, Berger-Levraultet Cie., 
896; and Congrés International des Méthodes d’Essai, 1900, I., 95. 

*) Comptes Rendus, CXXVI, 1898, 515; and Congrés International des 
léthodes d’Essai, 1900, I, 143. 

*) Congres International des Méthodes d’Essai, 1900, I, 185. 
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times the thickness, broke across its wider faces in a directior 
inclined at about 65° to the direction of tension. 


These varied results left considerable doubt as to the nature 
and regularity of the phenomenon, and it was felt that further 
experiments were desirable. A number of thin, flat, steel bars 
were accordingly prepared, and carefully tested in tension. The 
results showed, in a most definite manner, that at least two distine 
phenomena occur during the period of large deformations of suct 
a bar!). First, at the yield point of the material, the lines of Luders 
appear—either suddenly, as isolated local deformations, or as ¢ 
kind of strain wave advancing gradually along the bar — anc 
these have an inclination which, as already stated, approximate: 
to 50°. After the yield point is passed, the bar, as is well known 
stretches uniformly throughout its length during a more or les: 
extended range of loading, until a stress is reached at which the 
deformation becomes localised, and the bar is constricted. It is 
when this constriction has somewhat progressed, and the materia 
is very near its breaking point, that the second phenomenon take: 
place. It is revealed usually by two narrow grooves upon each 
wide face of the specimen; these grooves intersect each other a) 
the middle of the face, and are inclined at about 65° tga 
direction of tension. If the load is increased sufficiently, the bai 
breaks along one or other of the grooves. This phenomenon i: 
known as the Contractile Cross. Sometimes more than two grooves 
can be seen, and frequently only one is present. 


In a number of ways, all of which need not be detailed here | 
it was shown that the lines of Luders and the contractile cross 
are two distinct phenomena. The contractile cross is found in metals 
other than steel, provided that they are in a ductile condition, anc 
it has been obtained with thin flat bars of copper, brass, germar 
silver, and aluminium. The inclination of the grooves always 
approximates to 65°, and this suggests that the cross is a flow 
phenomenon, intimately connected with that of constriction generally 
On the other hand, -the lines of Liiders, so far as the writer: 
experience goes, are found only upon iron and steel — metal: 
which have a well marked yield point. Other metals, when per 
manently deformed, show a general roughening of the surface, 


1) Proc. Inst, Mech. Eng., February 1905, 141, 
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ut not the banded appearance so frequently associated with the 
nes of Luders. 

It should be noticed however, that Hartmann claims to have 
btained Luders’ lines upon platinum, silver, aluminium, copper, 
n, lead, zinc, and upon bronze, brass, delta metal, and german 
ilver, while Mengin!) has found them upon aluminium, delta metal 
nd brass. But the writer, from the results of his own experiments 
vith most of the above metals and alloys, is of Opinion that what 
1ese investigators really obtained were contractile depressions. This 
pinion is supported by both the published descriptions of the 
henomena and also by the illustrations and the values of the 
ngles given by Hartmann. 
| The contractile cross has been obtained only upon bars having 
width considerably greater than their thickness. When the ratio 
f width to thickness is less than 4, the cross becomes indistinct, 
nd it is hardly noticeable upon bars of square section. Moreover, 
1e inclination of fractured surfaces of steel tensile specimens, 
xcept under the particular conditions cited, is certainly not 65°, 
ut is approximately 50°, Even with a thin flat bar this inclination, 
‘measured parallel to the narrow face of the specimen, instead of 
) the wide face, is about 50°. So that it may be said, generally, that 
le angle of fracture in tension is, at least approximately, the same 
s that of the lines of Luders, except when the existence of the con- 
‘actile cross rules otherwise. Confirmatory evidence is afforded by the 
iclination of the fractured surface of a round steel bar broken by 
yrsion; this surface is inclined at 50° to the direction of principal 
2nsion — that is, at 85° to the longitudinal axis of the bar?). 
| Microscopic examination shows that the minute process of 
eformation remains the same after the appearance of the con- 
‘actile cross as before’) — namely, that it is the result of slidings 
vhich take place along the cleavage planes of the crystalline 
ggregates, and are rendered evident by the “slip bands“ of Ewing 
nd Rosenhain‘). Another observation is that the general directions 
f movement, revealed by the lines of Ltiders and by the con- 
‘actile cross, are subject to local variations due to the changing 
ositions of the cleavage planes of the crystalline aggregates. 

1) Comptes-Rendus 124, 1897, 681. 

*) Proc, Inst, Mech. Eng., July 1907, 753. 


8) Proc. Inst. Mech, Eng., May 1907, 519. 
*) Phil. Trans., 193A, 1900, 353. 
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The Coefficient of Internal. Friction. 


In a piece subjected to any system of loading, it is easy to 
show that at every point the direction of maximum Shear is in- 
clined at 45° to that of the maximum and minimum principal 
stresses, and that its value is one-half the algebraic difference of 
these stresses. In the foregoing, it has been shown that in some 
cases, where fracture is undoubtedly a shearing process, the surface 
of sliding is inclined to the direction of principal tension at an 
angle which differs somewhat from 45°. One method of attempting 
to explain this discrepancy consists in postulating an internal 
resistance of the particles of the material to sliding one over the 
other, this resistance being of the nature of a simple friction. It 
results from such an assumption that the direction of sliding is 
inclined at (459+ ¢/2) to that of principal tension, and at 
(45° — ¢/2) to that of principal compression, if (= tan @) be 
the coefficient of internal friction. And the magnitude of the 
minimum: internal resistance to sliding is, 


1 elites 8 Bet 
s [2 (iF e +e) — » (Fe —y | 
where p, is the principal tension, and pz; is the principal com- 
pression, compressions being taken as negative. 


On applying this method to the experimental results already. 
obtained for steel, it was found that the coefficient of internal) 
friction differed little from that of ordinary sliding friction for two. 
separate pieces of steel. No definite assertion is made that the 
two. coefficients are identical, and, in fact, the coefficient of internal 
friction is a mere assumption. But this close similarity was con- 
sidered sufficiently remarkable to justify a few calculations, based 
upon a_ generalisation of this result, the results of which may 
prove interesting. | 


The Relation between the Yield Points of Steel when 
subjected to Pure Tension, Pure Compression, and Pure 
near, > a 

If yielding occurs when the minimum resistance to sliding 

within the piece is just overcome by the applied load, it follows 


1) Proc, Roy. Soc, Edin,, XXVIII, May 1908, 374. 
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hat for the same material under the three conditions of simple 
oading, 

eVitpetp) =—c(Vitp—p) = 2@efitv 

vhere ¢ is the stress at the tension yield point, ¢ that at the com- 
yression yield point, and q is the yield point of the material when 
subjected to a simple, uniform shear. And taking w= 0.14 for 
steel, as given by Morin: ¢ = 0.76 ¢ = 1.76 q. Experimental results 
ybtained up till now have been somewhat variable, and are not 
n very close agreement with these figures. If strength is dependent 
ipon the magnitude of the maximum shearing stress, as is con- 
ended by some, the relation between the yield points is: t =e = 2 q. 


Piet rushing Strength of Brittle Materials.) 

| Although a ductile material, when loaded in tension, gives 
vay usually by shearing along some oblique surface, it does not 
ail in this manner when subjected to a compressive force. On the 
yxther hand a brittle substance, which, under a tensile load, would 
upture along a direction approximately normal to the stress, 
yreaks, when crushed, by shearing obliquely. According to previous 
issumptions, this sheared surface should be inclined at (45° — ¢,2) 
o the direction of compression. 

An examination of some broken compression specimens of 
vast iron showed that the average inclination of the fractured sur- 
ace was about 36°, whereas it should have been about 40!/,° if 
Vorin’s coefficient of sliding triction for cast iron, 0.16, be taken 
is tan ». But in a crushing test, the friction between the ends 
of the specimen and the plates of steel, or of cast iron, between 
vhich it is crushed, is not negligible, and must tend to increase 
he resistance of the piece. It will cause also an alteration in the 
nelination of the surface of shearing. The change in the slope of 
his surface can be found, upon the supposition that the frictional 
‘esistance to motion of the particles at each end of the specimen 
Ipon the crushing plate acts as a force, at right angles to the com- 
oressive load, in such a manner as to hinder the separation of 
he block into two parts. Moreover, the increased resistance of 
he piece under test, due to this frictional force, can be calculated, 
fit be assumed that the yield point of a brittle substance is 
-oincident with its breaking stress. Thus a figure may be obtained 


1) Proc, Roy. Soc. Edin,, December 1908. 
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for the ratio of the crushing stress as found in the ordinary test, 
to what may be called the true crushing strength of the materia} 
— that is, the strength which would be obtained if the end fric- 
tion could be prevented by any means. 

The value of this ratio is 


C% pltpw —p 


eo G+ we) GF ey) Se 
where ¢) is the compressive strength given by the test, ¢ is the 
so-called true crushing strength, u is the coefficient of internal 
friction, and w, is the coefficient of friction between the ends of 
the specimen and the crushing plates. For cast iron the numerical 
value of this ratio has been calculated as 1-2 — in other words, 
cast iron, as tested, shows a crushing strength which i 20 per 
cent. too high. For materials like stones, bricks, and concrete, the 
results are remarkable. The ratio varies from 1°5 to 3:0, the higher 
values being obtained for the softer and coarser materials. This 
means that tests of such substances give figures which are from 
50 to 200 per cent. too high, | 

So far, the writer has made no experiments to check these 
calculations directly. They need give rise to no alarm, of course, 
since the conditions of actual use are practically the same as the 
conditions of testing. An indirect check is afforded by measure- 
ments of the inclination of the sheared surfaces of the crushed 
blocks. According to the assumptions stated above, the angle of | 
fracture should be [45° — (» + @))/2], where tan 9) = fy. 
Actual inclinations agree very well with those calculated from 
this expression. 

The same methods allow of the estimation of the weakening 
effect caused by the interposition of plates of lead, or of other 
soft material, when testing stones, but in this case there are effects 
other than those contemplated here. 


Conclusions. 


The general directions of internal sliding in a body under 
load, as revealed by the lines of Liders and by fractured surfaces, 
are consistent with the action of a frictional resistance between 
the particles of the body, differing little from that of ordinary 
external frictional resistance. | 


eee <> VIII. 
) aa 
m inations of strength show variations far too great 
of even an approximate calculation of the value of the 
t of internal friction, and conversely, give unsatisfactory 


ggests that the resistance of materials to stress is subjéct 
disturbing factors, the effects of which are at present 
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JETERMINATION OF THE SIMPLEST METHOD FOR 
‘HE SEPARATION OF THE FINEST PARTICLES IN 
IORTLAND CEMENT BY LIQUID AND AIR PROCESSES. 


hport of Committee 30. By Professor M. Gary, Gr.-Lichterfelde. 
Translated by A. R, Liddell, Charlottenburg. 
Together with a report by P. Mayntz Petersen, Copenhagen. 


I laid a first proposal before the Budapest Congress that the 
sssociation should invite the testing establishments of the various 
ountries to study the problem of finding the simplest method 
ir the separation of the finest particles in Portland cement by 
lyuid or air process. 


The Association in acceding to this proposal, nominated me 
é Reporter, and requested me to invite the public laboratories 


ad testing establishments to take part in the solution of the 
problem. ; 


I presented a report to the Congress in Brussels in 1906 on 
'€ results of my investigations and on the experiments of the 
Onigliches Materialpriifungsamt of Gro®-Lichterfelde. This report 
iduced the Council at their meeting in the spring of 1907 to 
)minate a committee for the further treatment of the problem 
ad to appoint me as chairman. 


The following gentlemen and establishments were included 
_ the Committee: Professor Mesnager, ingénieur en chef des 
onts et chaussées, Paris; Dr. A. Dickerhoff, Manufacturer, Am6ne- 
irg near Biebrich on the Rhine; H. K..G. Bamber, Ingress House, 
reenhithe, Kent, England; Lejeune, Engineer of the Laboratoire 
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Pavin of Lafarge, Viviers (Le Teil), France’); Mayntz Petersen, 
of the State Testing Establishment, Copenhagen; The Eidgendossische 
Materialprufungsanstalt, Zurich. 


In a circular dated July 12, 1907, I supplied these members 
with a reprint of my report to the Congress in Brussels and with 
a copy of a paper which I read in February, 1907, before the 
Verein deutscher Portlandzement-Fabrikanten On the 
wind-sifting of finely-ground Portlandcement. 


I further asked the members: 


1. Whether they consider it necessary that fresh experiments 
be undertaken with the object of discovering a method for the 
determination of the finest particles, or | 

2. Whether they are prepared to make trial of the Gary- 
Lindner apparatus? << 

3. What alterations they propose in regard to the constuction 
of the apparatus and to the method: of presentation of the results? 

4. In case problem 1 be answered in the affirmative, what 
apparatus is recommended, and what experiments are considered 
Suitable for joint conduct by the whole Committee? 

The answers received were unfortunately for the most par! 
not very satisfactory. | 

Mr. Lejeune died in the course of the year 1908. Professo: 
Mesnager is of opinion that sufficient evidence has not yet beer 
collected in regard to the practical value of any apparatus for 
the determination of the finest particles in Portland cement, and 
wishes that further investigations be made before the Members 0! 
the Committee proceed to try a particular apparatus. 

To my communication to Mr. Bamber I have received 
no. reply. 

Dr. Dickerhoff and Professor Schtile have not yet found 
time to apply themselves to the problem, but Professor Schule 
has obtained an apparatus in accordance with my proposal. 

Mr. Mayntz Petersen has continued the experiments which 
he began some years ago with his own apparatus, and makes ¢ 
report on these which will be found in the appendix. 

To the experiments carried out by Mr. Mayntz Peterser 
the objection may be made, that they take the place only of é 


1) Since then, R, Feret has been nominated instead of the late Mr. Lejeune 
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sieve finer than 5000 meshes to the square centimeter, and separate 
the cement undergoing test into only two parts (fine and coarse 
neal), but that in the case of different cements with obviously 
very different graining it shews only small unadvantageous dif- 
‘erences from the separation by means of the 5000-mesh net. 
According to Table I (see appendix) the 16 cements tried on 
che 5000-mesh net gave a residue of 8,0 to 25,0°/); in the case 
of wind-sifting the differences vary between 40,2 and 57,3°/). As 
shown by Fig. 1, the results obtained by the two methods 


Sifting Experiments with Cements according to Mayntz Petersen. 
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Fig. I, : 
A. Wind-Sifting according to Mayntz Petersen; B. 5000-Mesh Sieve. 


run almost parallel. From these wind-sifting experiments, then, 
no new distinguishing characteristics for the Portland cement are 
obtained, and above all it is not apparent, in what relation 
the grains of the finest parts of the cement stand towards 
eachother. 

The wind-sifter proposed by me avoids these short-comings, 
as | was able to show in a paper read before the Verein deutscher 
Portlandzement-Fabrikanten on Feby. 20, 1907. 
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Mr. Mayntz Petersen on the other hand is of opinion tha 
since, on account of defects of manufacture,the 5000-mesh siey 
gives very unreliable results and leaves so little residue behinc 
that the sifting results present only an imperfect picture of th 
fineness of the meal, his apparatus constitutes a step in advanc 
and satisfies the conditions of the problem of the finding of ; 
uniform method for the determination of the finest particles i: 
Portland cement. 

In the following I shall again give a short account of mj 
apparatus with the remark that new experiments have not in the 
meantime been carried out because it was desired that the opinions 
of the other members of Committee 30 should first be obtained 
That the time given for this would pass almost without result 
could not be foreseen. 

When in 1887 the “Prussian Standards for the Delivery o 
Portland Cement‘ laid down tbe condition: “Portland cement shal 
be so finely ground that a sample of it on a sieve of 900 meshes 
to the sq. cm. leaves a residue of at most 10°/)“ many manu- 
factories were obliged to improve their grinding and_ sifting 
apparatus in order to fulfil it. It soon appeared, however, thai 
the cement-mills were making great improvements. Most of the 
cements of commerce left residues of only a few per cent on the 
900 sieve, and, in order the better to show the grinding, the sieve 
with 4900 meshes to the sq. cm. — the so-called “5000-mest. 
sieve“ — was introduced. I have already given demonstration 0 
the inaccuracies that attach to this sieve.+) | 

Meanwhile entirely new paths have been opened to the cement 
grinding industry by the introduction of the Griffin mill, the tube 
mill, and other apparatus, and it may safely be asserted that few 
Portland cements now leave more than 25°/, residue on thé 
5000-mesh sieve. 75°/, or more of the meal thus falls through tht 
finest of the sieves used to characterize the grinding, and camno! 
be further judged. 2 

Now it is a matter of common knowledge that a hydraulic 
cement is the more effective and can be made the more of, thé 
more finely it is pulverized. Fine grinding, however, meets with 
technical difficulties and is expensive. The manufactories consequently 


1) Gary: Sand- und Cementsiebe. Mitteilungen aus dem kénigl, Materia! 
prifungsamt 1896, page 294. 
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ave an interest in shewing what degree of fineness their finest 
xeals attain, and in making this clear to the users. 

Starting from this idea, experiments have been instituted in 
1e konigl. Materialprufungsamt of Gross-Lichterfelde, which, after 
1e complete working out of the method, seem to have led to the 
esired result. 

The Gary-Lindner apparatus, with which these experiments 
vere carried out (see Fig. II), delivers, within a few minutes“ and 
vithout any previous preparation 
tr subsequent drying of the ma- 
rials, four fractions of the par- 
cles, which are not indeed sorted 
ntirely according to size of grain, 
ut which nevertheless establish ie 

| 
| 


haracteristic marks of difference 
yo the various cements. 
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The apparatus consists of 
iree wide glass tubes connected 
vith each other at their lower ends 
y india rubber sleeves ending 
1 glass funnels into which are 
1elted little glass tubes reaching 
early to the ground for the 
troduction of air. Into the. 
rst funnel, No. I, are introduced 
0 grs. of the previously dried 
Owder that is to be tested, 
fter which compressed air at 
“pressure of 100 mm of water- Fig. Il. 

; : é Wind-Sifter on the Gary-Lindner Plan. 
auge is blown in. Glass cocks 
onder possible the adjustment of the air-pressure for each funnel; 
1€ pressure is read from a U-shaped manometer. The funnels J, II, 
nd Hl are set to work in succession. In each of these a fractional 
uantity of the powder finally remains behind, and _ the fine 
laterial leaves the end of the third glass in the form of dust and 
| Caught in the wide glass vessel No. IV. 

When the compressed air is produced by water-jet blowers, 
| has to be dried before its entrance into the funnel — e. g. by 
ie insertion of a Woulff’s bottle of sulphuric acid. 
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In the report of Committee 30, which I laid before the Con- 
gress of the Association in Brussels in 1906, a few lines of the 
tables of results are given, which in particular show the charac- 
teristic differences between different kinds of cement. At that time, 
however, we had not succeeded in spreading the powder on ar 
object-bearer with sufficient evenness to enable it to be photo- 
graphed. This can now be done without difficulty, as may be seer 
in Fig. IV. The results of a few further experiments are giver 
in Tables B and C. : 

Table A gives the general properties of four cements, or 
which the tests were made, Table B the test-results of these 
four cements, viz. of three Portland cements a, b, and c, anc 
a ferro-Portland cement d, in the original condition of the 
materials, and Table C the results of the wind-sifting of thé 
fine meal portion of this cement which has fallen through the 
5000-mesh sieve. 

Fig. Ill gives the granulometrical properties of Cement ¢ 
(a ferro-Portland cement) which was separated in the origina 
condition on the wind-sifter. The four grain-distribution pictures 


Table A. Properties of the Cements used in the 


a Ss SS 


| || 800 grs. of | 
0a Water in || Cement mixed, ie _ 
ifi Los : : verages during 
A : : phe: ~ || tion of the Time 
seve vity || ment of Cement Cement tity ot ee of Sethian 
of the || Pow- | weighed ni Bok 
ment |) igni- || der in for for oe a a 
atk ted || the treacle-| 4. a) Be- In Temperature a 
am || Ce- || Heat- sha- || like Setti 5) Com of Heat tth E< 
run Consis-\-°tt9S | pletion| in |} of the} *™) 2 
ment a) . ken of the | Setting : W ot 
Pow- in | in || tency | Test || Harden- Air | Water _ 
ing 
oat 0/9 || Kgs. | kgs. || /o 0/9 ||Hours| C2 || C.2| C2 4 
a | $218 | 0°56 1196/2015, 85 | 26 | fa) | 25 |j160| 132) 7 
5 
b | 8242) 2-43 |1-280.2-005| 345 | 255 | 145 | 08 170) 150) 59 
~e | a110) 1-98 |j1-118/1-857| 37:0 | 28:0 | 2° | 17 |160|188) 70 
d_ | 8-077) 7-87 |1-035/1:759) 33:0 | 27-0 : 18° ||178|175) 80 
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are given side by side at the bottom of the figure considerably 
enlarged. Each of the fields enclosed by the white lines represents 
1/16th. of 1 mm’. (Fig. IV comprises a surface of 1 mm? divided 
into 16 squares in 80-fold enlargement). 

In Fig. Il], above each field representing a grain-distribution, 
an ordinate is given, which is equal to the number of the grains 
in question in hundredths, so that the line of the curve, through 
the end-points of these ordinates gives graphic delineation of the 
composition of the cement as regards coarse and fine grain. 

The results of the sifting of the cement on the 5000 (1), 
900 (2), 600 (8) and 324 (4) mesh nets respectively are set off 
in the upper right-hand corner of Picture 3. The ordinates here 
represent the quantities of the residue left on the respective Sieves. 

Results differing considerably from the foregoing are obtained 
if the cement be first sifted on the 5000-mesh sieve and the finest 
meal that has fallen through the latter be then treated with the 
wind-sifter (Fig. V). . 

A cement would give evidence of the most favourable degree 
of grinding for the exercise of its binding power if the line con- 


_ Experiments with the Wind-Sifter. 


1 Part Cement and 3 Parts Standard Sand 


Strength | Specific || Strength | Specific 


Meshes to the sq. cm. 
kilogrammes| (ravity || kgs per | Granty 


2 Residue Py ens 

o oe: 

Ss 

2 on Tensile Tests || Compression-Tests 
= 3 Area of Fracture || AreaofCompress. 
< cans ==) Sq; cm. ==50) 6q.) Cm. 
= =v , 

S| 5000/ 900 | 600 | 324 /120/ 2 | 

= | ‘S| Tensile | Apparent || Compress. | Apparent 
o aw 

5 2 

- e 

E S 

° 

o 


Test of Constancy of Volume as 


1 yi 3 4 per sq. cm. G sq. cm. G 

Beeeig sl) Jo | “o.|) %o || Vo 7 Days | 28Days Jm_ |/7 Days | 28Days) Im. 
good | 21°6| 52] 38] 08 95 || 23:5| 28-1] 2286 280 | 314 2-239 
good | 240} 1°7 | 1:0 | 0-2 8°75 || 18:0| 166) 2286), 88 | 184 2231 


good | 7-9) 06 | 06 | 0:2 | 0°2|| 8:25)| 10°0| 22:0] 2300) 77 | 174 | 2225 
good 160 04 | 02 | 00 8°75 || 21-9| 25°5) 2:286)| 151 | 182 | 2°314 
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Table B. Tests on Four Cements in their Original Condition. 
ee 


| No Residue in Vessel No. 
| : Time in | Pressure a 
Cement || of - ; 
Test Minutes inmm || _ gts 
es 
12h te | Ill | IV 
1 20 100 (2:75 4:47 2°90 4°88 
2 20 100 (OTE), 4°64 2°30 5:34 
Fi 5 20 100 | 780 4eT7 | 2°42 501 
rear ers. 7°76 4°63 2°54 50a 
as 38 9 2352 12°57 25°2 
1 20 100 9°15 4°12 1°80 4°93 
2) 20 100 9°60 3°88 1-92 4°60 
b 3 20 | 100 9°74 S34 1°88 4°Ga 
ee ers. 950 | 3:92 1:87 | 4m 
lo 47:4 19°6 93 23°6 
1 20 100 6°70 5:28 242, 5°60 
20 100 6'96 5:00 2°18 5°86 
C 3 20 100 6°82 5:14 2 30 | 5:74 
et jaeors, 6:83 | 5:14 | 2:00 
i | % | 342 | 25-7 | 115° 928% 
: — 
1 20 100 8:05 A0F PAN ES) ae 
2 20 100 CAZ 4°43 2°05 5°80 
d 3 | 20 100 7°80 4°37. "le 6°01 
athe ers. 786 | 4:29 | 2-01 | 58D” 
3 Cl 39:3 21°4 | 10°71 293 
| 
| 
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Table C. Tests on the Finest Meal in Four Cements 
(5000-Mesh Sieve). 


; Residue in Vessel No. 
No. Time 
: Pressure 
Cement of in ; oo 
Test || Minutes of Saas sae 

I II Ill IV 
1 20 100 3 52 720 | 2:80 | 6°48 
2 20 100 3°87 (ote 094.1 5.92 
. 8 20 | 100 4°95 | 6:62" 1 2:89 6-24 
ian ers. SSB TiOt Bede) 6:22 

%, 1194 | 350 | 145 | 31-1 
1 20 100 4°57 (200M ee he |. 5:71 
2 20 100 4:93 T15 | 2:61 531 
b 3 20 100 4:64 | 7:07 2738") 5:91 
Br ers. 4-71 Tide |. -2'50 | 5:60 

of 23°6 39°7 12°5 28°2 
1 20 100 3:03 795 | 244 | 6:58 
2 20 100 3-18 Tio 2654 | 6:42 
- 3 | 20 100 3°10 786 | 2:48 6°56 
Wan ers. 3°10 785 | 2:52 | 6:52 

o || 155 | 393 | 126 | 326 
1 20 100 4:37 668 | 2:35 | 660 
2 20 100 4°35 6°58. | 2°42 6°65 
d 3 20 100 495 61Gs deis2i42 ob 6°58 
Teen ers. 456 | 645 | 2:40 | 6°59 

De eo ae SOT 120 | 329 
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necting the ordinates should take the form of a branch rising fro: 
left to right, or if this line lay horizontal. 


Sifting — 


let 
iimmen a 


Observations: Under ,Sifting‘, 1 means the sieve with 5000 meshes to 1/9: 


” ” 2 ” ” ” ” 900 ” n Re 
” ” 3 ” ” ” ” 600 ” ” ” 
” ” 4 ” ” ” ” 32 4 ” by, ” 
bs) . ” 5 ” ” ” ” 120 ” ” 7] 


The ordinates set off above the grain-distribution pictures give the numbe! 
of grains corresponding with each picture of the four fractions of the ceme! 
separated in its original condition by the wind-sifter. | 


The ordinates of the small curves at the upper right-hand corner den0” 
the amonts of the residues left between every two consecutive sieves. | 
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It will be seen that fairly correct pictures of the granulometric 
omposition of a cement may in this way be obtained and that 
may also perhaps be possible, in using one and the same 
jaterial as a basis, to give pictorial representation of the action 
if different grinding-apparatus. 
Finally, chemical analysis, applied to the four fractions, also 
srovides a means for the detection of foreign substances in the 
‘ement. 


Fig, 1V. 


1 mm? Ferro-Portland Cement Dust in 80-fold enlargement. 


Investigations of the kind described can now be carried“out 
0 order with the wind-sifter in the Materialpriifungsamt at Gross- 
ichterfelde West at.a moderate charge. . 


It is beyond all doubt that manufacturers and users, as soon 
S they have recognised the great advantages of the new method, 
vill avail themselves extensively of it. 


REG ig eg 
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The question as to which method and apparatus is to be 
preferred — the somewhat simpler Mayntz Petersen apparatus, an 
experiment with which separates the meal into two parts, or the 
Gary Lindner apparatus which separates it into four parts — will 


Fig. V. 
Ferro-Portland Cement per cent on 5000-Mesh Sieve. 


indeed have to be left for the decision of the Committee or of 
the Congress. Both apparatus are serviceable. The one last men- 
tioned may be obtained from the Chemisches Laboratorium fur 
Tonindustrie, Berlin N. W. DreysestraBe 4, or from the firm of 
C. Richter, Berlin, N., JohannesstraBe 14/15. 
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DETERMINATION OF THE SIMPLEST METHOD FOR 
THE SEPARATION OF THE FINEST PARTICLES IN 
PORTLAND CEMENT BY LIQUID AND AIR PROCESS. 


Appendix to the Committees Report by Mayntz Petersen, Copenhagen. 
Translated by A, R. Liddell, Charlottenburg. 


The experiments begun in 1903. for Committee 380 of the 
“International Association for Testing Materials“ for the deter- 
mination of the finest particles in Portland Cement, in regard to 
which a preliminary report has already been presented to the 
Brussels Congress, have now been completed. The Association 
of Scandinavian Portland Cement. Manufacturers has with obliging 
readiness undertaken the defrayal of the pez Dense connected with 
the experiments. © 

A current of air was used for the experiments, since it was 
assumed that the use of fluids would not be desirable. Water 
cannot be used for the levigation of cement, and the use of other 
fluids which do not attack this material would make the levigation 
very expensive. Preference was accordingly given to levigation by 
'means of air and to the use of an apparatus similar in form to 
Schone’s levigating-funnel for the operation. Since, in view of 
the greater mobility of the air, jerky alterations of the air-current 
were expected, the cylindrical part of the funnel had to be made 
considerably longer, so that on the occurrence of the jerks the 
cement should not be thrown out of the funnel.” — 

The experiments were at first made with a funnel, the 
cylindrical part of which was about 30 cm tone and about 10 cm 
in diameter, | 
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The levigating-funnel was connected with the pipe of a 
centrifugal blower by means of a rubber tube. In addition a pressure 
gauge was inserted in the air-tube by means of a branch 
pipe, so that the uniformity of the air-current at the different 
experiments could be checked. 

A number of preliminary experiments were made with this 
levigating-funnel in the following manner. The funnel was con- 
nected with the air-tube, and the air valve opened, and 5¢ 
of cement introduced through a copper funnel into 
the glass funnel. A larger quantity of cement could 
not be made use of, because the lower opening 
of the levigating-funnel then became choked. 


ee eee 
by 
o 
: 


At the conclusion of this experiment the 
air-current was shut off and the residue of the 
material removed from the levigating-funnel and 
weighed. 


3 


These preliminary experiments are described 
in greater detail in the report to the a od 
Congress. 

The shape of the levigating-funnel being some- 
what unsatisfactory, inasmuch as its lower part was 
not conical but was rather suddenly narrowed-in 
below the cylindrical part, another one of more | 
suitable form was obtained. This is shown in 
Hig 312 | 

With this funnel the experiments were made 
in the same manner as with the one above men- 
tioned. Investigation was first made as to the time 
taken by the levigation until no more dust was 
carried forth. Since it was here established that 
after the lapse of 15 minutes the quantity of material left in the funnel 
ceased to be appreciably reduced, a 15-minute time of levigation | 
was made use of in all the succeeding experiments. In order to 
make sure that no more material is carried forth, an incandescent 
lamp is held behind the funnel; even small quantities of dust can 
then be detected in the air-current. 
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Figure 1. 


A microscopical examination showed the limit of the size 
of grain between the residue in the levigating-funnel and the 
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vowder carried forth from it to lie at a minimum diameter of 
pout 0°03 mm. 

Finally levigation experiments were made with the same 
evigating-funnel on 16 different cements, which were taken from 
he cement investigations in progress at the State Testing Establish- 
nent. At least two experiments were made with each cement 
(he results are given in Table I. 

It will be observed from the figure in Table | 


hat the various experiments with the same cement 
iave given results agreeing very well together. 
When a somewhat greater difference shows itself in 


some of the experiments, as for instance in Nos. 1, 
2, 8, and 16, the cause of this is probably to be found, 
10t in irregularities of the method, but in the circum- 
stance that there is really a difference between the i 
samples in question. The observation was in fact 
nade in the course of the experiments, that when 
xtreme care was taken in mixing, before the levi- 
zation of the cement from which the samples were 
ken, two different levigations gave results which 
agreed with one another almost exactly. 

From the Experiment No. 4 onward the cement 
was introduced into the funnel by a method differing 
‘rom that previously applied. The cement was weighed 
out in the little cylindrical brass receptacle (shown in 
Figure 2), to which the thin brass wires observable 
in the illustration were then attached. 

The air-current being then set in motion, the receptacle was 
lowered through the upper opening into the levigating-funnel and 
kept turning by the help of the brass wires until the cement fell 
out. When completely emptied, the receptacle was drawn up as 
quickly as possible through the opening. No cement dust 
showed itself in the air-current at the upper opening of the 
levigating-funnel till the receptacle was clear of the funnel. 


In the case of several of the experiments given in Table | 
the residue which remained in the levigating-funnel and also 
samples of the dust were examined with the microscope in order 
to determine whether the former was freed of all grains of less 
than 0:03 mm in diameter and to make sure that no grains of 
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Figure 2. 
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Table I. 
| Weight of ' : Residue on a | 
the Cement pEraiee insu ' Sieve with 5000 
Number of used for ef es: bed iS Lg - Meshes to the 
Experiment | evieation Levigation| Levigating-Funnel «i sei 
grs Minutes ors. oj eee ers. | fo 
ca 2606 | 52:1 || 0-759 | 159 
1b 5:000 15 || 9-536 | 50-7 | .0°783 | 14:7 
2a : 2070 | 41-4 || 0-558 | 119 
2b 5000 15 | 9-131 | 42°6 || 0546 | 10:9 
3a 2914 | 443 || 0-548 | 109 
3 b 5000 15° | 9.989 | 45:6 | 0-573 | 115 
4a 2132 | 42:6 | 0-506 | 104 
4b 5000 15. | 2144 | 42:9 | 0-513 | 108 
4c | 2108 |. 42:2 | 0-511 | 102 
Ba 2-986 | 45-7 || 0-627 | 195 
5b 5°000 15 | 9.938 | 44-8 | 0:696 | 13-9 
Ba 2-789 | 55-8 |) 1:200 | 240 
6 b 2°000 15 || 2-756 | 55-1 || 1218 | 24-4 
Ta 2850 | 57-0 | 1:284 | 257 
Tb 5000 15 | 9-879 | 57-6 || 1:264 | 253 
8a 2554 | 511 | 0-839 | 168 
8b 5°000_ 15 | 2539 | 50:8 | 0-834 | 167 
9a 2167 | 43:3 | 0-472 | 94 
9 b 5000 15. | 9-176 | 435 | 0-462 |. 92 | 
10a | 9-114 | 42:3 | 0-569 | 114 
10 b Pai’ 15 |.2-087 | 41-7 | 05167 
114 2299 | 44:6 | 0-640 | 128 
11b 5000 15 | 9.037 | 447 || 0-626 | 12% 
12a ; 2525 | 505 || 0-990 | 198 
12 b 5000 15-9520 | 50-4 | 0:990 | 198 
13% 9-993 | 445 || 0-685 | 127 
13 b pay 15 | 2-208 | 44:1 || 0-610 | dae 
14a | 2-250 | 45:0 | 0-669 | 134 
14 b Jon 15 | 2-251 | 45:0 | 0-670 | 134 
1a 2013 | 403 || 0:398 | 80 
15 b 5:000' "| 15. |, 2-012 | 40:2 | OBges aim 
16a 2-726 | 54:5 | 1178 | 23° 
16b 5000 15 |} 9-640 | 52:8 | 1:178 | 2386 
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-eater diameter than 0°03 mm were contained in the dust that 
‘as blown away. It transpired that only an inconsiderable quantity 
>the grains were not properly sorted by the levigation. 


The material required for these and for the previously mentioned 
icroscopical investigations of the dust. was obtained by holding 
piece of filtering-paper above the upper. opening of the levigating- 
innel. On this a quantity sufficient-for the investigation always 
eposited itself. Since this method of obtaining the material did 
ot always ensure that grains of greater diameter than 0°03 mm 
ere not drawn along with the finer particles the following check- 
xperiment was made. 7 

The opening 
at the upper 
end of the le- 
vigating-funnel 
was ground 
slightly conical, so that a glass tube connected with 
two ball-tubes, as shown ia Fig. 3, could here be 
attached. In the making of the experiment the ground 
tube with the ball-tubes was attached to the levigating 
funnel immediately after the introduction of the cement 
into the latter, At the conclusion of the experiment 
Figure 8. the quantities of powder which had collected in the 

various swellings of the ball-pipes were taken out and 
eparately examined with the microscope. 
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It here appeared that the powder caught in the ball-pipes, 
ven in the swelling nearest to the levigating- funnel, contained 
nly a very few solitary grains larger in diameter than 0°03 mm, 
s may be seen from the accompanying Fig. 4 and 9. 


] 
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Fig. 4 represents a micro-photograph of the powder which 
‘ad collected in the tube- swelling next the levigating-funnel. For 
omparison, two micro-photographs (in the same enlargement) are 
‘iven, taken from preparations of the portion of material which 
ad remained behind in the levigating-funnel at Experiment No. 1, 
Onsisting in the one case of the fine powder which in the sifting 
irocess had passed through the sieve with 5000 meshes to the 
q. cm. (see Fig. 5), and in the other of the residue which 
emained behind on this sieve (Fig. 6). 
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After the completion of the above-mentioned experiments 
various alterations were made in the apparatus. Fig. 7 shows 


Figure 5, 


the general outline of the apparatus in its altered form. The air 
enters at a, passes through the cock-piece h, the rubber tube d, 


er ee 


the bent glass tube e, 
and the rubber tube f, 
up into the funnel T, 
Where the levigation 
takes place. The cock- 
piece is situated at 
the lateral tube g with 
the cock c in connec- 
tion with the pressure 
gauge m. The sections 
of the tubes b andc 
are of the same dia- 
meter as the clear 
opening in'the corres- 
ponding glass tubes, 
so that the air meets 
Figure 6. | with no_ resistance. 
By means ofthe cockb 
the air current can be effectually and quickly cut off, when the 
residue is to be removed from the funnel after 
the levigation. Oil of turpentine, which is suffi- 
ciently mobile, is applied in the pressure gauge. 


As already mentioned, the air-current requi- 
red for the experiments is produced by means 
of a centrifugal blower, which is placed in T 
connection with the cock-piece h by means of a -m 
rubber tube. A slide-valve is inserted directly in 
front of the rubber tube, by means of which the 
air-current can be regulated so that a constant 
height of pressure can be maintained in the 
pressure gauge. 


Table II, given below, contains the results 
of levigation experiments made with 6 different 
cements. The experiments were made with the’ 
funnel shown in Fig. 1, fitted up in the manner 
shown in Fig. 7. 


In connection with the experiments hitherto 
mentioned it had always transpired that uniform 
results had been obtained in the process of Figure 7. 


. — Ff — 
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levigation when the latter was repeated with the same cement, 
and that the separation between the particles removed by the 
process and the residue in the funnel took place at a certain 
particular size of grain. It remained to be investigated, whether it 
“was a matter of comparative ease so to adjust different funnels 
that they would give the same result with the same cement. For 
these investigations 8 new funnels were obtained. These are marked 
below as Numbers II to IV, while the one previously mentioned 
is marked No. L. 


Table ii 
Height ot Weight of Mean 
tye Pressure in Cement nies Duration Residue Gn ne Result 
the : of the Sat from the 
the in the a ges Levigating Funnel 
pressure Pevientan Levigation two Ex- 
Cement gauge | periments 
orem ers. _ Minutes ers, lo "ls 
U3 D000) |r Ele 2°077 41°5 
cae 7:2 5-000 is | 2086 | 41:3 | *** 
73 5°000 15 2°697 53°'9 
5) : i 
gee 74 5000 15 2°704 | O4e] Bain 
. €2 5:000e 8 heals 2°468 49-4 
fal 7:3 5000 15 | 2482 | 496 | =? 
C4 5°000 15 2°246 44°9 
ae U2 5°000 15 2°231 44°6 pe 
| 7:4 5-000 15 2372 | 47-4 
aa 4 5:000 15 2°373 ATS eee 
72 5°000 15 2°401 48-0 
1 ‘ 
Se 73 5000 15 | 2388 | ate | =e? 


The remaining properties of the cement may be seen in 
‘Table IIL. 

So far as could be managed, Funnels II to IV were made 
of the same shape and dimensions as Funnel IJ, and their upper 
Openings were ground in such a manner that their diameters were 
the same as that of the latter, i.e. equal to about 22 mm. 


Xs 


Table III. 


Time Residue on a Strength in kgs. per sq. cm. of the Test- 
of Sieve with Sample of 1 Cement ++ 3 Standard Sand 


Setting-——_____.____——_- ft 
~~"! 900. | 2600 | 5000 ie 


No. of 
the 
Cement 


8 Days 7 Days | 28 Days 


ood Meshes per sq. cm. 


| 
2099 || 6°/,] 0-4] 83} 111] 16:9 | 183 | 21-0 | 203 | 26-4 | 333 
2102 | 7*/,|| 2°3 | 20-2 | 25°8 || 16-2 | 106 | 18-7 | 206 | 24-9 | 318 
2103 |} 11 2°50 )161|)19°8]) 42) 41) 69] 68)|17°8| 158 
Ba VO 8 Bb) 12°F 424g 145 | 28-1 | 284 | 33°8 | 497 
2117 || 7 OS | 11-2 | 16°3 || 16-1 | 111 | 21-2 | 202 | 26-1 | 318 
2119 | 61/,] 0-6 | 18°5 | 17:5] 12°3| 96) 18°8/| 185 | 16:8 | 209 


Tension |Compress.| Tension |Compress.| Tension | Compress. 


After this the lower end was drawn out to a point, and by 
the breaking or grinding off of the material of this point it was 
found possible without much trouble so to adjust the three funnels 
that they gave the same result as Funnel I. 


Table IV. 
Height oe Weight of Mean of 
Pressure. in the Cement Duration Residue in the the two 
No, of | pee used in the so ae Levigating Funnel Ex- 
Funnel pressure Levigation Levigation periments 
gauge 
cm gers. Minutes ers, | Piguet lek 1a 
I U2 5°000 15 2°314 46°3 46-3 
73 5°000 15 2°315 46°3 
Ul 53 5000 15 2°333 46°7 46-2 
5°3 5'000 15 2°278 45°6 
5D 5'000 15 2°304 46°1 
46°2 
ut 5D 5°000 15 2°314 46°3 
52 5:000 15 2°312 46°2 
46°2 
Me | 51 5-000 | 15 || 2:312 | 46-2 
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Table IV contains the ,results of levigation tests with the same 
‘cement -in« Funnel: J- as» well -as- in. Funnels tt to IV -after- the -ad+ 
jushment had. been effected,’ | | ? 

‘It will be seen from these tests that it is possible § so to adjust 
different funnels that Sy, give the same results ; asa . single standard 
funnel. . .- sf 
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EXPERIMENTS ON THE DECOMPOSITION 


OF MORTARS BY SULPHATE WATERS. 
By J. Bied, Le Teil (Viviers, Ardéche). 


Translated from the French by Dr. H. Borns, London, 


I. The decomposition of mortars, which are exposed to the 
action of the sea or of waters charged with sulphates, has for a 
long time already occupied the attention of engineers, and ex- 
periments have been multiplied in all quarters with the object of 
discovering some hydraulic binding material which would be free 
from liability to destruction. 

Up till recent years attention has chiefly been concentrated 
on the injurious action of the sea water, and although the de- 
structive effect of sulphate of lime was not unknown, it was not 
as a rule taken into consideration. 

Having had to enquire into decompositions of mortars by 
sulphate of lime, observed in 1900 on the line leading from Linarez 
to Almeria in Spain, and in 1902 on the line St. Girons-Foix and 
at the same time in Algeria, we have been induced to submit this 
problem to a prolonged experimental investigation in the Laboratories 
of the Société J. et A. Pavin de Lafarge. 

Although the first of these researches date back six years 
already, we consider them quite incomplete still, and if we have 
resolved to draw certain conclusions, it is because it appears that 
interesting information can already be deduced. 

One of the particular results is the rehabilitation of an arti- 
ficial puzzolana mentioned already by the celebrated Vicat; it had 
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fallen into complete oblivion, possibly on account of the difficulties 
of its manufacture. 

In order to secure rapid results, we have tested some meagre 
mortar (one-fourth or fifth part by weight of cement, the rest sand) 
prepared with very fine sand (from the dunes, less than 0,5 mm) 
and immersed in very concentrated solutions: saturated solution 
of sulphate of calcium and‘a’ 12 per mille SOiitioimeos 
anhydrous magnesium sulphate. 

In addition to these solutions we commenced, two years 
ago, to experiment with artificial sea water. 

To this sea water we have given the following composition: 


sodium chloride | 80 grammes 
crystallised magnesium sulphate 6 ‘ 
magnesium chloride hydrated 6 i 
sulphate of lime hydrated 2 

Bicarbonate of potassium 2 degienne 


ie litre 
of 
Bee 

J 


The plan on which we worked was the following: 


The mortars were gauged to a plastic consistency and moulded 
in cubes of 50 cm? surface. The cubes were exposed for 24 or 
48 hours maximum to the dry air, then taken out of the moulds, 
and either at once immersed.in the solution under enquiry, or 
first immersed in flowing river water, in which they were kept 
for a month, protected against carbonatation, before being placed 
in the respective decomposing solution. 

It should be noted that the cubes thus preserved for one 
month should not become carbonated, and that it is not astonishing 
to find that in certain cases, contrary to what was known, the 
liability to decomposition had been increased by not immersing 
the cubes at once. 

The specimens were dipped into the solution under enquiry 
up to two-thirds of their height, and the basins were kept in a 
room whose temperature was maintained at 17 or 18° C., a tem- 
perature which facilitated the filtration and the evaporation of the 
saline solutions through the top of the cubes. 

We should have liked to conduct regular chemical analyses, 
referred to the volume of the mortar and not its weight, as proposed 
by Mr. Maynard; but the necessary time and assistance were 
not at our disposal. 
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Il. In our researches we have compared materials poor in 
alumina and aluminiferous mortars, highly calcareous mortars and 
some of high index.!) 

We have studied the behaviour of artificial puzzolanas and 
accessorily the action of calcium stearate which increases the 
-impermeability of the mortars considerably. 


The puzzolanas tested were: 
1. A product obtained by fusion, granulated in cold water. 


2. A kaolin clay, medium refractory (on account of its contents 
of iron) and dehydrated. 
| As early as 1846: Vicat had described the properties of 
calcined clay at length; he had even given a description of an 
apparatus for carrying this operation out practically (Nouvelles 
Etudes sur les Pouzzolanes Artificielles compareées a la Pouzzolane 
d’Italie). He estimated the appropriate calcination temperature at 
about 1000° C. 

At present we know from the work Mr. Vogt on clays that 
the operation of calcination consists in dehydrating the kaolinit 
2 SiO, . Al, O;.2H, 0, which is a constituent of all clays. This 
kaolinit, Vogt has shown, is attacked in the crude state by boiling 
sulphuric acid, but resists the acid, when it has previously been 
baked. Heated merely up to its dehydration temperature, which 
lies at about 700° C., it remains attackable by diluted hydro- 
chloric acid. 

This property of the dehydrated clay explains the puzzolanic 
action of the latter; it is unnecessary further to insist upon this point. 


It will be understood that since kaolinit alone assumes puZzzo- 
lanic properties by calcination, it is of importance to choose a 
clay which is as rich in kaolin as possible in order to avoid the 
introduction into the cement of feldspars which are always inert 
materials. 

It should also be emphasised that the operation of dehydration 
is industrially a very delicate operation; if the desired temperature 
is not exactly realised, we may, by exceeding as well as by not 
reaching the proper calcination heat, manufacture an inert material 
instead of a puzzolana. 


1) The French ’indice‘ or hydraulic modulus here meant is the ratio: 
(Si Og ++ Alg O5) / (CaO + Mg 0). 
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It is probably these two difficulties which explain, why the 
properties of the dehydrated clay have so long been disregarded. 

We hasten to add that the puzzolanas, of whatever kind:they 
may be should, in order to be active, always be most finely 
triturated and powdered, as far as possible, together with the cement 
itself in the trituration apparatus. 


Ill. The action of the diverse saline solutions which were 
employed is not altogether the same. It may in general be assumed 
that the artificial sea water is 10 or 15 times less active than a 
12 per mille solution of magnesium sulphate. Yet certain artificial 
cements have been decomposed more rapidly in sea water than 
in the solution of anhydrous magnesium sulphate. 


The saturated solution of sulphate of calcuim is at least as 
destructive as the 12 per mille solution of anhydrous magnesium 
- sulphate. But its effect appears to be different, sometimes more 
energetic, sometimes less energetic than that of the magnesium 
sulphate solution of 12 per mille. 


IV. Water saturated with sulphate of lime appears to be the 
most active decomposing agent.1) Constructors must constantly 
be on the alert in this respect. In fact, waters saturated with 
calcium sulphate are sometimes met with far from any recognised 
occurrence of gypsum. ?) 


On the other hand, waters which, at certain moments, do 
not contain more than O:1 or 0°2 gramme of calcium sulphate may 
become saturated during periods of drought. 


In our laboratory and under the experimental conditions 
above indicated, we have not met with any slow- or quicksetting 
cement, whatever its mode of manufacture and its chemial com- 
position, which has resisted the action of this solution for six years 
(compare photograph 2). - 

Limes, even the least aluminous and of the best reputation 
as regards sea water, are rapidly decomposed. 


Quick-setting cements, of high index (compare footnote above), 
which had resisted for a long time, have commenced to display 


1) The use in mortars of gypsiferous sands, particularly when fine, presents 
the same dangers. 

2) Examples: the plains of Boufarik, the plains of the environments of 
Rouen, the sub-soil of Boulogne-sur-Mer. 


Tey 
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Finely ground silicious cement after Silicious cement treated with calcium 
6 years in the saturated calcium sul- stearate after 46 months in the satu- 
phate solution, rated calcium sulphate solution, 


Silicious cement of very high index after 6 years in the saturated calcium sulphate 
solution (superficial decompositions). 


Cement 3ter mixed with slag after Cement 3ter mixed with clay after 
six years in the saturated calcium six years in the saturated of calcium 
sulphate solution, sulphate solution. 
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signs of decomposition at the end of five years, and these de- 
compositions appeared to deteriorate rapidly. 

The addition of stearate of lime which renders the mortars 
more impermeable has proved insufficient to prevent the decom- 
position (compare photograph 77). 

The augmentation of the index by silica has in itself not 
been sufficient either to prevent all decomposition, although some 
interesting results have been obtained (see photograph 4). 


The puzzolanas have always had a notable ameliorating 
effect. The artificial slag appears more active from the start and 
imparts to the product a higher resistance than the addition of 
clay does; but its effect is less reliable and much less regular 
than the action of calcined clay, which seems to be the most 
energetic of all the puzzolanas (compare photographs 82, 2, 23). 


The influence of the date of the immersion, after preservation 
of the cubes in flowing water, has shown sometimes in one sense,, 
sometimes in another, for pure cements as well as for those mixed 
with puzzolanas. 

The quantity of the gauge water has been without influence 
on the decompositions, at least of those products to which puzzo- 
lanas had been added. 

Finally we have crushed some cubes of pure cement and of 
cements to which puzzolana had been added. The best resistance 
values were obtained with mixtures of silicious cement and dehydrated 
clay in the proportion of one part of cement to one part of clay. 


It may prove possible to reduce, in these cements, the pro- 
portion of clay to two parts of cement for one part of clay. But 
we do not possess experience of sufficient length to speak with 
certainty. 

V. The action of the 12 per mille solution of anhydrous. 
magnesium sulphate is, as we have already said, different from 
that of a saturated calcium sulphate solution. 


The silicious products containing at the best only 2 per cent 
of alumina and limes even keep much better in magnesium sulphate 
than in calcium sulphate, (see photographs 5 and 2), while the 
cements rich in alumina are decomposed with as much rapidity 
in sulphate of magnesium as _ in sulphate of calcium (compare 
photograph A 5). 
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Silicious cement after 6 years in the Silicious cement containing less than 
saturated solution of caicium sulphate. 2 per cent of alumina after. 6 years 
in the 12 per mille solutions of an- 

hydrous magnesium sulphate. 


Silicious cement containing less than 2 per cent of alumina after 6 years in the 
12 per mille solution of anhydrous magnesium sulphate. 


Cement containing 8 per cent of alu- Silicious lime treated with lime stear- 

mina after 21 months in the 12 per ate after 46 months in the 12 per 

mille solution of anhydrous magne- mille solution of anhydrous magnesium, 
sium sulphate. sulphate. 
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The addition of calcium stearate and the augmentation of 
the index give, in the case of the magnesium sulphate solution 
better results than with the solution of calcium sulphate (see 
photographs 56 and 55). 

The addition of artificial puzzolana and especially of dehydrated 
clay yields almost always favourable results, which are insufficient 
sometimes, however (see photographs [078 and A 04). 

The quantity of gauge water has more influence than with - 
the solution of calcium sulphate. 

As regards the date of the immersion, a rapid immersion is 
always unfavourable, with or without addition of puzzolana. 

VI. We have already remarked that our experiments with 
artificial sea water are less advanced. 

They confirm the superiority of silicious cements over aluminous 
cements (see photographs 1079 and A 9) and the favourable effect 
of the addition of dehydrated clay. 

Contrary to what had been observed in the case of magnesium 
sulphate, the corrosion seems greater when the immersion takes 
place after the elapse of a month. 

This phenomenon is perhaps due to the presence of sodium 
chloride which hastens the hardening of the immediately immersed 
mortars. 

VU. The most curious result prominently brought out by 
these experiments is the very distinct difference in the actions of 
solutions of calcium sulphate and of magnesium sulphate. While 
the materials free of alumina which we have studied were rapidly 
decomposed in calcium sulphate, they resisted a long time and almost 
indefinitely the attacks of solution of magnesium sulphate; that would 
explain the reputation of limes and of silicious cements for use in. 
sea water. 

The action of puzzolanas is always more marked with solutions. 
of calcium sulphate than with magnesium sulphate. 

Yet when decomposition sets in with magnesium sulphate in 
mortars to which puzzolanas have been added, it happens sometimes. 
that the decomposition is arrested, and that the fissures remain 
stationary. rT ae Be? | 

We may then,-it would appear, actually assert that in practice 
silicious cements and even silicious limes (if we could employ them 
in the same composition as cements) should, in the actually 
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Silicious cement treated with calcium Silicious cement after 32 months in 


stearate after 46 months in the 12 per the 12 per mille solution of anhydrous 
mille solution of anhydrous calcium magnesium sulphate. 
sulphate. 


Silicious cement mixed with clay after 34 months in the 12 per mille solution of 
anhydrous magnesium sulphate. 


Silicious cement after 3 months in Cement containing 8 per cent of 
artificial sea water, aliminia after 21 months in artificial 
sea water. 
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employed proportions, be almost indecomposable in solutions of 
magnesium sulphate’). A slight addition of dehydrated clay pro- 
mises still further to improve their durability. 

In the presenee of sulphate of calcium the use of dehydrated 
clay is the only means at present known of preventing decomposition. 
We point out that this addition of dehydrated clay cannot be 
made in the yard, but must be entrusted to conscientious manu- 
facturers who have long been thoroughly familiar with all the 
-manipulations of this fabrication. 

For four years the Société J. et A. Pavin de Lafarge has 
supplied an indecomposable cement based upon a mixing of de- 
hydrated clay and of the silicious cements of the firm. 

This ciment has been employed in gypsiferous territories by 
the Compagnie des Chemins de Fer Paris—Lyon—Méditerranée 
and by the Cie. des Chemins de Fer de Ceinture de Paris. This 
Society thus deserves credit for having made novel and incon- 
testable progress in the manufacture of hydraulic materials. 

We believe moreover that it will be equally possible to obtain 
materials which will absolutely resist the action of calcium sulphate 
and probably of magnesium sulphate by manufacturing fused 
cements, We have already succeeded in preparing quite a scale 
of such cements which we have patented; the experiments, so far 
made with them, are very encouraging, but of too recent date to 
say anything further. 

We shall be very glad if these experiments, made in our 
modest sphere, have provided a useful contribution to the solution 
of a difficult problem. They will already have rendered useful 
service if they merely serve to call forth further investigations of 
this delicate question. 

We wish, in any case, to express our thanks to Mr. Henry 
Le Chatelier for the kind advice he has given us as to the manner 
in which to conduct our research. 


1) Brussels Congress, Report by Meyer, in general and in particular under ~ 
experiment 73 bis June 1858. 
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Prager Eisenindustrie-Gesellschaft, Wien , 


Verein der Montan-Eisen- und Mace nen industrielien: Wien i 


Osterr, Alpine Montan-Gesellschaft, Wien me 
Dampfkessel-Untersuchungs- und Priifungs- Aaetatts Wien 
K, k, pr. 6. Bodenkreditanstalt, Wien ; ‘ 
K, k. Direktion fiir den Bau der Wades fatragen Wien 
Golleschauer Portlandzementfabriken, Wien 


Dansk Ingeni6r-Forening in Kopenhagen . 
Tekniske Forening in Kopenhagen 


American Society for Testing Materials 


ie irom anc steel-iInstitutes London “pu . 4. 8 ela ee 
The British Fire Prevention Committee 
F, Tomlinson, Manchester 


. 500 
. 100 
. 100 
. 100 
. 100 
. 100 


. 100 
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Hungarian Society for Testing Material, Budapest 


Administration Centrale des chemins de fer de |’Etat russe 
Bureau des fabricants des ciments russes 


Bureau des Forges 


Administration du chemin de fer 


ba) ~“ ba) 


” ” ” 


Jernkontoret, Stockholm 


Generaldirektion der Schweizerischen Bundesbahnen in Bern . 


” 


Perm 

Bet ountcnal. 
Riga Orel . 
Moscou-Koursk 
Sud-Ouest . 


. Poléssié 


Nikolas 
Charkow- Nikolaett 


Verein Schweizerischer Zementfabriken in Dittingen . 
Verein Schweizerischer Maschinenindustrieller, Zurich . 


50. 


. 125 
. 100. 
. 100 


50 
50 


. 50 
. 50 


50 
50 
50 
50 


. 100 


50 
50 


50 
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MEMBRES — MITGLIEDER — MEMBERS. 
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1 Aktien-Gesellschaft f. Eisenindustrie 
und Briickenbau von J. C. Harkort, 
Duisburg. 

2 Alsensche Portland-Zementfabriken, 
Hamburg, 

3 Architekten - Verein, 
Wilhelmstra8e 92/93. 

4 Artillerie-Konstruktionsbureau, Kgl., 
Spandau, : 

5 Baare, F., Generaldirektor d. Bochumer 
Vereins fur Bergbau und Gufstahl- 
fabrikation, Bochum, Westfalen, 

6 Bach, C. v., Dr., Ing., kgl. Baudirektor, 
Professor des Maschinen-Ingenieur- 
wesens an der techn. Hochschule, 
Vorstand der Materialpriifungs- 
anstalt und des Ingenieurlabora- 
toriums, Stuttgart. 

7 Bach, Julius, Ingenieur, 
ReichertstraBe 29. 

Baudeputation der Freien und Hanse- 
stadt Hamburg. 


Berlin W, 


Gorlitz, 


Vertreter: 

8 Zimmermann, Baudirektor, Ham- 
- burg. 

9 Vermehren, Ed., Oberingenieur, 

Hamburg. 

10 Baudeputation der Stadt Bremen, 
Bremen. 

11 Baudeputation der Stadt Frankfurt 
am Main. 


12 Baudirektion im Kgl. Ministerium des 
Innern, Dresden A, SeestraBe 21. 

13 Bayerischer Dampfkesselrevisions- 
verein, Munchen, Georgenstr. 4II. 

14 Bayerisches Gewerbemuseum, 
Nurnberg. 

15 Bayerisches Portland-Zementwerk 
Marienstein, Aktiengesellschaft zu 
Mariastein, Station Schaftlach, 
Oberbayern. 

Bayerische Staatseisenbahnverwal- 
tung, Kgl,, Munchen, 

Vertreter: 
Weif, E., Kgl. Ministerialrat im 
Staatsministerium fiir Verkehrs- 
angelegenheiten, Munchen. 


16 


17 


18 


26 


27 
28 


29 
30 


31 
32 


33 
34 
35 
36 


Ebert, E., Kgl. Oberregierungsrat, 
Vorstand des Baukonstruktions- 
amtes d. Kgl. Bayer. Staatseisen- 
bahnverwaltung in Miinchen, 

Zehnder, V., Kgl. Regierungsrat im 
Maschinenkonstruktionsamt der 
Kgl. Bayer. Staatseisenbahnver- 
waltung in Miinchen, 

Beutel, F., Kgl. Regierungsrat der 
Eisenbahndirektion Miinchen. 

Benedict, H., Dr., Leverkusen a. Rh. 
Bergakademie, Kgl., Berlin. N 4, 
Invalidenstrafe 44. 
Bergakademie, Kgl., Freiberg, Sachs. 
Berg- und Hiittenm4annischer Verein, 


Siegen. jhe 

Berlin - Anhaltische Maschinenbau- 
Aktiengesellschaft, Berlin NW, 
Moabit 87. 


Berliner Aktiengesellschaft f. Eisen- 
gieBerei u. Maschinenfabrikation, 
Charlottenburg, FranklinstraBe 6. 

Berliner Bezirksverein, Verein deut- 
scher Ingenieure. 

Adresse: C, Fehlert, Berlin NW 7, 
DorotheenstraBe 32. 

Bernburger Portland-Zementfabrik, 
A.-G., Bernburg. 

Bezirksverband des 
bezirkes Kassel. 
Vertreter: Freiherr von Ried- 

esel, 

Berndt, Geh, Baurat, Prof., Darmstadt, 

Blohm & Voss, Werftbesitzer, Ham- 
burg-Steinwarder, 

Bocker, Moritz, Kommerzienrat, Rem- 
scheid, Westfalen. 

Bocking, C. H. & Dietzsch,-Portland- 
Zementfabrik, Malstatt bei Saar- 
brucken, (Rheinprovinz), 

Bocking & Cie., Rud., Halbergerhiitte 
bei Saarbrticken. 

Bonner Bergwerks- u. Hiittenverein, 
Zementfabrik, Oberkassel b, Bonn. 

Borsig, A., Berg- u. Hiittenverwaltung, 
Borsigwerk, Oberschlesien. 

Borsig E., Fabriksbesitzer, Berlin N 4, 
Chausseestrafe 6. 


Regierungs- 
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Breitenburger Portland-Zement- 
fabrik, Lagerdorf, (Holstein) 
Briigmann, W., Gerant d. Aplerbecker 
Hitte, Dortmund, Bornstrafe 23. 
Bruhn, Dr., Charlottenburg, Giese- 
brechtstraBe 7. 
Bubendey, Wasserbaudirektor, 
Baurat, Hamburg, 
BuderuSsche Eisenwerke, Wetzlar. 
Biies, C., Architekt, Baumaterialienge- 
schaft, Hamburg, Ankelmannstr. 98. 
Burstenbinder,Bauinspektor, Hamburg, 
AdmiralitatsstraBe 56. 
Chemnitzer Bezirksverein deutscher 
Ingenieure, Chemnitz. 


Geh, 


Corleis, E. Dr., Chemiker, Gufstahl-. 


fabrik Fried. Krupp, Essen. 

Cramer, E., Redakteur der Ton- 
industriezeitung, Berlin NW 21, 
DreysestraBe 4. 

Dampfkesselrevisionsverein, Berlin 
NW 21, Alt Moabit 90. 

Damptkesselrevisionsverein fiir den 
Regierungsbezirk Aachen, 
Adresse: Gust. Talbot & Co. in 
Aachen. 

Dampfkesselrevisionsverein fiir die 
Provinz Ostpreufen, Kénigsberg 
i er? 

Dampfkessel - Uberwachungsverein, 
Frankfurt a. M. 

Deutscher Beton-Verein in Biebrich 
am Rh. 

Deutscher Verband fiir die Material- 


prufungen der Technik, Gr. 
Lichterfelde- W, (kgl. Material- 
prufungsamt), 


Deutscher Verein fiir Ton- Zement- 
und Kalkindustrie E. V., Berlin 
NW 21, Dreysestrafe 4. 

Deutsch - Luxemburgische _ Berg- 
werks- und Hitten-Aktiengesell- 
schaft, Abteilung Friedrich-Wi?!- 
helms-Hiitte, Muhlheim a. d. Ruhr. 

Dortmund-Emskanalverwaltung, kel. 
Minster i. W. 

VetTtreten: 
Claussen, Oberbaurat, Miinster. 
Ko, Baurat. 

Dowerg, H., Generaldirektor, Kneut- 
tingen. 

Dreyer, Rosenkranz 
Hannover. 

Diimmler, K., Architekt und Redak- 
teur der deutschen Tépfer- und 
Zieglerzeitung, Berlin N 4, Kessel- 
straBe 7. 


& Droop, 


oO 


60 
61 
62 


63 


64 


65 


66 
67 


84 


Duisburger Eisen- und Stahlwerke, 
Duisburg. 

Dyckerhoff, Dr. August, Améneburg 
b. Biebrich a. Rh. 

Dyckerhoff, E., Kommerzienrat, Firma 
Dyckerhoff & Widmann, Zement- 
warenfabrik, Biebrich a. Rh. 

Dyckerhof, Rud., Fabriksbesitzer,Port- 
land-Zement-Fabrik Dyckerhoff & 
Séhne, Am6neburg b. Biebrich a. Rh. 

Eckermann, G., Direktor des Nord- 
deutschen Vereins zur Uberwachung 
von Dampfkesseln, Altona (Elbe), 
GerichtstraBe 1. 

Eger, L. Dr., 1, Chemiker der Kegl. 
Bayer. Staatseisenbahnverwaltunge 
in Munchen, SchubertstraBe 10/I. 

Eisenbahndirektion, Kgl., Altona. 

Verireter: 
Schreiber, Reg.- und Baurat. 
Noh, Geh. Baurat. 
Eisenbahndirektion, Kgl., Berlin. 
Vertreter: 

Schneidt, Reg.- und Baurat. 
Rustemeyer, Eisenbahndirektor. 
Eisenbahndirektion, Kgl., Breslau. 

Vertreter: 
Hillmann, Reg.- und Baurat. 
Wegner, Reg.- und Baurat, 
Eisenbahndirektion, Kgl., Bromberg. 
Vertreter? 
Schlemm, Geh. Baurat. 
Hossenfelder, Geh. Baurat. 
Eisenbahndirektion, Kgl., Cassel. 
Vertreter: 
Krau8, Reg.- und Baurat. 
Staud, Reg.- und Baurat, 
Eisenbahndirektion, Kgl., Danzig. 
Viertreger 
Stimm, Reg.- und Baurat. 
Partenschy, Reg.- und Baurat. 
Eisenbahndirektion, Kgl., Elberfeld. 
Vertireter: 
Knechtel, Reg.- und Baurat. 
Schwermann, Reg.- und Baurat, 
Eisenbahndirektion, Kgl., Erfurt, 
Vertreies: 
Siegel Geh, Baurat. 
Baseler, Reg.- und Baurat, 

Eisenbahndirektion, Kgl,, Essen. 

Vertreten 
Miller, Reg.- und Baurat. 

Eisenbahndirektion, Kgl., Frankfurt 
am Main. 

Vertreter: 
Wiegand, Reg.- und Baurat. 
Levy, Reg.- und Baurat. 
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Eisenbahndirektion, Kgl., Hannover. Eisenbahn-Zentralamt, Kgl,, Berlin 


NW 6, Luisenstrafe 31. 
Vertreter: 
Hagenbeck, Ober-Baurat. 


Veriretér: 
895 Bindemann, Ober- und Geh. Bau- 
rat. Lt 


86 Zachariae, Ober-Baurat. 112 = Kohn, Geh. Baurat. 
87 Schafer, Geh, Baurat. 113 Matthaei, Reg.- und Baurat. 
88 Simon, Reg.- und Baurat. 114 Diitting, Ober-Baurat. 
Eisenbahndirek tion, Kgl., St. Johann- 115 Samans, Reg.- und Baurat, 
aoe 116 Jahnke, Reg.- und Baurat, 
“_ 117 Krause, Reg.- und Baurat. 
89 cor ea 118 Eisenwerk Kaiserslautern, Kaisers- 
irchhoff, Geh. Baurat. lautern. 
oe Shiai Eisenwerk Kraft in Kratzwieck bei 
esten, Reg.- und Baurat. Stettin. 
92 Bockholt, Reg.- und Baurat, Ray Pe ey 
Eisenbahndirektion, Kgl., Kattowitz, | 119 Grau, General-Direktor, 
Vertreter: 120 Eisenwerk (vorm. Nagel & Kaemp), 
94 Burgund, Reg.- und Baurat, Uhlenhorst, 
Eisenbahndirektion, Kgl., Kéin. Erste Automatische Gufstahikugel- 
i oN sen iE fabrik vorm, Friedr. Fischer, 
95 Esser, Ober- und Gah Baurat Aktiengeselischaft in Schwein- 
96 Schmitz, Geh, Baurat. ARES Ay, AL. ge 
97 Berger, Geh, Baurat, vertreter: 
98 Everken, Oberbaurat, tel Ehrgruber, Fabrikdirektor, 
Eisenbahndirektion, Kgl., Kénigs- 122 PSU APES T OU ccs: el 
ro | . . g - 
were te Pr: eer aaa fabrik Fischer, Schweinturt, 
99 Komorek, Reg.- und Baurat. Feldzeugmeisterei, Berlin. 
100 Diedrich, Eisenb.-Bauinspektor. Vertreter: 
Eisenbahndirektion, Kgl. Magde-|/123 _ Reinsch, Betriebsdirektor. 
burg. 124 Fikentscher, Fr, Chr, Tonwaren- 
Vertreter: fabrik, Zwickau i. S. 
101 + Borchart, Ober-Baurat. Finanzministerium, Kgl. Sichs,, 
102. ~=Scheer, Eisenbahn - Bauinspektor, Dresden. 
Eisenbahndirektion, Kg1., PreuBische i Vertreter: 
und Grofherzogl. Hessische, in| 125 Krtiger, Geh. Baurat, 
Mainz. 126 Fépp1, A., Dr. phil., Professor der 
Vertreter: Mechanik und Vorsteher des mech.- 
103  Biischer, Reg.- und Baurat. techn. Laboratoriums der techn, 
104 Stahl, Reg.- und Baurat. see ae Miinchen, ihe 
Eisenbahndirektion, Kgl., Miinster Wee lara ists sn lata 
=a Weaestatart 128 Cena eGR ua der Grofherzog! 
105 Heller, Reg.- und Baurat. Radi ‘ me 
adischen Staatseisenbahnen, 
106 Gerlach, Reg.- und Baurat. Rarherahe 
Eisenbahndirektion, Kegl., Posen. Generaldirektion der Eisenbahnen 
Vertreter: in Elsaf8-Lothringen, Kaiserl., 
107 + Traeder, Reg.- und Baurat. StraBburg. 
108 Herzog, Bau-und Betriebsinspektor. eat 
Eisenbahn-Direktion, Kgl., Stettin, | 409 Méllmann, Regierungsrat. 
Vertreter: 130 Bose, von, Regierungsrat. 
109 Lauer, Reg.- und Baurat. 131 Generaldirektion der Kgl. Sachsi- 
110 ~=Seidl, Geh. Baurat. schen Staatseisenbahnen,Dresden, 
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182 Generaldirektion d. Kgl. Wiirttem- 
bergischen Staatseisenbahnen, 
Stuttgart. 

Geologische Landesanstalt, Kgl., 
Berlin N 4, InvalidenstraBe 44. 
Gerber, G, Dr., Ing,, Kgl. Ober-Bau- 
rat, Miinchen, Bavariaring 22 I. 
Germanischer Lloyd, Berlin NW 40, 

Alsenstrafe 12. 
GeschiitzgieBerei, Kgl., 

Norte éier; 

Plagemann, Betriebsleiter. 

Gewehrfabrik, Kgl., Spandau. 
Wertretes: 

Kayser, Dr , Chemiker, 
Gillhausen, Gi Direktor, Essen. 
Glinzer, E., Dr., Oberlehrer der Allg, 

Gewerbeschule und Baugewerbe- 

schule Hamburg,Graumannsweg 69, 
Gleim. C, O., Ingenieur, Hamburg- 

Uhlenhorst, Dorotheenstrafe 184. 
Goslich, Dr,, Direktor der Stettiner 

Portland-Zement-Fabrik, Ziillchow, 

Pommern, 

Guilleaume, Th. von Kommerzien- 
rat, K6ln, Sedanstrafe 13. 

Guthmann, R., Baumeister, Wannsee. 

Haarmann, Dr., Ing., Geh. Kommer- 
zienrat, Generaldirektor der A.-G. 
Georgs - Marien - Bergwerks- und 
Hutten-Vereine, Osnabriick. 

Hamburgische Miinze mit Staats- 
hittenlaboratorium, Hamburg 1, 
Norderstrafe 66. 

Hannoversche Portland - Zement- 
Fabrik, A.-G., Misburg, Hannover, 

Hartmann & Braun, elektrotechni- 
sche Fabrik, Frankfurt a. M., 
Bockenheim. 

Hauptstation, Kgl, preuBische, des 
forstl, Versuchwesens, Eberswalde. 

Vetiretes; 

Schwappach, Prof. Dr., Forstmeister. 

Hecht, Dr. H., Regierungsrat, Privat- 
dozent und Mitinhaber des chem, 
Laboratoriums fir Tonindustrie, 
Berlin NW 21, Dreysestrafe 4. 

Heckel, Georg, G. m. b. H., Draht- 
seilfabrik, St. Johann a, d. Saar, 
Rheinprovinz, 

Heckmann, Georg, Fabriksbesitzer, 
Berlin W 62, MaafenstraBe 29. | 

Heckmann, Friedrich, Berlin SO 33, 
Gorlitzer Ufer 9. 

153 Heddernheimer Kupferwerk vorm. 

F, A. Hesse Séhne, Heddernheim 
bei Frankfurt a. M. 


133 
134 
135 
Sri nddis 
136 
137 
138 
139 
140 
141 


142 


143 
144 


145 


146 
147 


148 
149 


150 


151 
152 


154 Heintzel, C. Dr., Chemiker, Labora- 
torium fir Zementindustrie, Line- 
burg. 

155 Herfeldt, G., Kommerzienrat, Traf- 
grubenbesitzer, Andernach a. Rh. 

156 Herzberg, A, Kgl. Baurat, Berlin 
W 62, KeithstraSe 14. 

157 Heyn, E., Professor an der techni- 
schen Hochschule zu Charlotten- 
burg, Grof-Lichterfelde, Theklastr. 

158 Hilbenz, Dr., Rheinhausen-Friemers- 
heim. 

159 Hoch, A,, Fabrikdirektor der Stutt- 
garter Zementfabrik, Ehingen a. D. 

160 Hoffmann, O., Direktor der deutschen 
Steinzeugwarenfabrik fir Kanali- 
sation und chemische Industrie, 
Friedrichsfeld i. B. 

161 Hohenlohe-Werke, A.-G., Hohen- 
lohehutte, O. S. 

162 Hiiser & Co., Gesellschaft fiir Zement- 
Stein-Fabrikation in Oberkassel, 
Siegkreis. 

163 Huldschynskische Hiittenwerke, 
A.-G., Bahnhof Gleiwitz, O. S. 

164 Hundeshagen, Dr. & Philip Dr., 
offentlich-chemisches Laboratorium 
in Stuttgart, Waldeckstrafe 8. 

165 Internationaler Verband der Dampf- 
kessel - Uberwachungsvereine, 
Wien. 

166 Kauffmann, O.,  Fabriksbesitzer, 
Niedersedlitz, Sachsen. 

167 Kirchner, E., Professor der techni- 
schen Staatslehranstalten, Techn. 
Redakteur des Wochenblattes fur 
Papierfabrikation, Chemnitz, Sachs., 
AgrikolastraBe 2 IIL. 

168 Klebe, C., Inspektor im mech.-techn. 
Laboratorium der Kgl. technischen 


Hochschule, Miinchen, Gabels- 
bergerstrafe 751. 
169 K6rting, Gebr, A.-G., K6rtingsdorf 


bei Hannover. 
Vertreter: 
Direktor E, Korting. 

170 Krantz, H., Kgl, bayer. Oberleutnant 
a. D., Memmingen, Ulmerstr. 30. 

171 Krause, M., Ingenieur, Direktor 
v. A. Borsig, Berg- und Hutten- 
verwaltung, Berlin, N 4, Chaussee- 
straBe 6. 

172 Kreiling, Ph., Vorsteher des chem.- 
techn. Laboratoriums d. Deutschen 
Topfer- und Zieglerzeitung, Berlin 
N 4, Kesselstrafe 7. 


173 
174 
175 


176 
177 
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Kriegsministerium, Kel. 
sches, Berlin. 
Vertreter: 
Wodrig, Geh. Oberbaurat. 
Koch, Oberingenieur und Baurat, 
Schmidt, Geh. Baurat, Kgl. Inten- 
dantur d. milit. Institute, Berlin. 

Kriegsministerium, Kgl,  siachsi- 
sches, Dresden. 

Vertreter: 
Glausnitzer, Intendantur-u. Baurat. 

Kriemler, K., Prof. der techn. Me- 
chanik an der Techn: Hochschule 
Stuttgart, StafflenbergstraBe 26, 

Krohn,R.., Prof., Reg.-Rat in Langfuhr. 

Krupp Fr., Grusonwerk, Direktion, 
Magdeburg-Buckau. 

Kustermann, F. S., Lagerhaus, 
Munchen, RosenheimerstrafSe 120, 

Laboratorium d. Vereins deutscher 
Portland - Zementfabrikanten in 
Karlshorst bei Berlin, 

Lange, Otto, Dr. phil., Ingenieur, 
Stahlwerkschef d. Hoérder Vereins 
in Hérde, 

Lender, R., Kapitan a. D, und 
Fabriksbesitzer, Schéneberg bei 
Berlin, HauptstraBe 25. 

Leube, G, Dr. Zementfabrikant, 
Ulm a. d. D. 

Leube, Otto, Inh, der inwat Kunst- 
siein- und Betonwerke, Ulm a. D. 

Linde, Reg.-Baumeister a. D., Verein 
Deutscher Ingenieure, Berlin, NW 7, 
CharlottenstraBe 43. 

Lothringer Portland-Zementwerke. 
StraSburg in Els. 

Lukas, G., Geh. Hofrat, Dresden A. 27, 
BienertstraBe 39 I. 

Magdeburger Verein fiir Dampf- 
kesselbetrieb, Magdeburg, Adel- 
heidring 16, 

Magistrat der Kgl. Haupt- 
Residenzstadt, Breslau, 

Magistrat, Koln. 

Magistrat, Kénigsberg i, Pr. 

Mannheimer Maschinenfabrik, 
Mohr & Federhaff, Mannheim. 

Martens, A,, Dr. Qng., Geh. Ober- 
Regierungsrat, Professor, Direktor 
des Kgl. Materialpriifungsamtes, 
Mitglied der Kgl. Akademie der 
Wissenschaften zu Berlin, Grof- 
LichterfeldeW, PostdamerChaussee, 


preufi- 


und 


) Markischer Verein zur Priifung und 


Uber wachung von Dampfkesseln, 
Frankfurt a, O., BahnhofstraGe 5a. 


196 Marklin, A., Kommerzienrat, Borsig- 
werk O, Ss, 

197 Maschinenbau- und Hiittenschule, 
Kgl. Duisburg, 


198 Maschinenbauschule,Kegl. Dortmund, 


199 Massenez, Jos., Wiesbaden, Hum- 
boldtstrage 14. 
Materialpriifungsamt, Kgl., Grof- 


Lichterfelde. 
Vertreter: 


200 Martens, A., Geh. Ober-Regierungs- 
rat, Professor und Direktor des 
Amtes. 

201 Rudeloff,M.,StellvertretenderDirek- 
tor, Prof, u. Abteilungsvorsteher, 

202 Gary, M., Ingenieur, Prof, und 
Abteilungsvorsteher, 

203 Herzberg, W., Chemiker, Prof. und 
Abteilungsvorsteher, 

204  Holde, D. Dr., Chemiker, Prof. 
und Abteilungsvorsteher, 

205 Materialpriifungsanstalt der Kgl. 


techn. Hochschule, Stuttgart. 

Metallurgisches Laboratorium der 
Kgt. techn, Hochschule (Prof. 
Dr. Weeren) Charlottenburg, 

Meurin, J, Tuffsteingrubenbesitzer, 
Andernach a. Rh. 

Meyer Dr. Eugen, Prof., Vorsteher, 
des Festigkeitslaboratoriums an der 
techn. Hochschule, Charlottenburg. 

Meyer, F.M., Fabrikdirektor, Malstatt. 

Michaelis, W., Dr, Zement-Techn,, 
Berlin, NO. 18, Friedenstrafe 19. 

Militar-Versuchsamt, Kgl. Berlin- 
Jungfernheide, Postamt Plétzensee. 

Vertre ter: 
Prof, Wurtzel, Dr., Abtl. Vorstand. 

Mineralogisch - Geologisches 
Institut der ‘Kgl. Techn. Hoch- 
schule in Charlottenburg, 

Vertneter: 


206 


207 
208 


209 
210 


211 


212 Hirschwald, J., Dr., Prof., Geh.; 
Reg,-Rat. 

213  Tannhiuser, F., Dr., Prof., Privat- 
dozent. 


Wetzstein, A., Hiitteningenieur. 
Ministerial-Baukommission, Kegl., 
Berlin NW. 40. 
Vertreter: 


214 Mihlke, Geh. Baurat. 

215 Eger, Geh. Baurat. 

216 Koerner, Baurat. 

217 Engelmann, Baurat. 

218 Diestel, Geh. Baurat. 

219 Schultze, Wasserbau-Inspektor, 
220 Adams, Reg.- und Baurat. 


233 
234 


235 
236 


237 
238 


239 
240 


241 
242 
243 
244 
245 
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Ministerium der Offentlichen -Ar- 

beiten, Kgl., Berlin W 66. 

Vertteter: 

Natorp, Reg.- und Baurat, 

Doemming, v., - Ministerial- und 
Ober-Baudirektor. 

Saal, Geh, Oberbaurat. 

Haas, Geh. Baurat. 

Zimmermann, Dr., Ing. Dr., Wirk- 
licher Geh. Ober-Baurat. 

Nitschmann, Geh. Ober-Baurat. 

Sarrazin, Dr. Ing., Geh. Ober- 
Baurat. 

Egzemann, Reg.- u. Baurat, . 

Mittelrheinisch. Dampfkessel-Uber- 
wachungs-Verein, Coblenz, Josef- 
strafe 8. . 

Miller, Dr., Direktor der deutschen 
Portland-Zementfabrik, Adler, Kalk- 
berge Rudersdorf. 

Miuiler, Gebr., Papier-Fabrik, Mochen- 
wangen (Wurttemberg). 

Miiller, Fr., 
werk Kaiserslautern. 

Munitionsfabrik, Kgl., Spandau. 

Vertreter? 
Meier, Oberingenieur, 

Minster, E., Oberingenieur des West- 
preuBischen Vereines zur Uber- 
wachung von Dampfkesseln, Danzig. 

Norddeutscher Verein zur Uber- 
wachung v. Dampfkesseln, Altona. 

Viertreter' 
Eckermann, G., Oberingenieur. 

Ober-Berg-und Hiittendirektion der 
Mansfeldschen Kupferschiefer 
bauenden Gewerkschaft Eisleben. 

Oberprasidium der Provinz Sachsen, 
Kgl., Elbstrombauverwaltung, Mag- 
debureg. 

Vertreters 
Schmidt, Baurat. 
Haucke, Reg.-Baumeister. 

Oberpradsidium der Provinz Schle- 
sien, Kgi., Breslau, Oderstrombau- 
verwaltung, 

Hamel, Reg.- und Baurat. 
Ro#ler, Reg.- und Baurat. 
Oberprisidium der Provinz West- 
preufen, Kgl., Danzig. 
Vertreter: 
Gersdorf,Strombaudirektor,Danzig. 
Weifker, Reg.- und Baurat, Danzig. 
Rudolph, Baurat in Kulm. 
Rathke, Baurat in Marienwerder. 
Meiners, Maschinenbauinspektor in 
Gro8-Plehnendorf, 


Fabrikdirektor, Eisen-_ 


10 


246 


247 
248 
249 


258 


Bd: 
272 


Oberschlesische Eisenbahn-Bedarfs- 
Aktien-Gesellschaft, | Friedens- 
hutte bei Morgenroth in Ob.-Sch. 

Oberste Baubehérde im Staatsmini- 
sterium des Innern, Kg1., Miinchen. 

Offenbacher Portland-Zementfabrik, 
A.-G., Offenbach a. M. 

Oldenburgische Eisenbahndirektion, 
Grofherzog!., Oldenburg. 

Oppelner Portland-Zementfabriken, 
vorm. F. W. Grundmann, Oppeln. 

Otto, H., Oberingenieur, zur Zeit 
Boppard a, Rh,, SabelstraBe 32. 

Pfalz - Saarbriicker Bezirksverein 
deutscher Ingenieure, St. Johann 
a, Saar. Z, H. des Herrn 
Georg Heckel, St Johann a. Saar. 

PfalzischerDampfkessel-Revisions- 
Verein, Kaiserlautern, Rhein-Pfalz 


Polizeiprasidium, Kgl., Berlin. 
Vertreter;: 


Greve, Reg.- und Baurat. 
Hopfner, Reg.- und Baurat. 
Grafimann, Geh Baurat. 
Ritgen, Dr. v., Geh. Baurat. 
Schneider, Reg.- und Baurat. 
Rattey, Reg.- und Baurat. 


Pommerscher Verein zur Uber-— 
wachung von  Dampfkesseln, 
Stettin, 

Portland - Zementfabrik, (Gebriider 
Spohn), Blaubeuren, Wiirttemberg. 

Portland - Zementfabrik GoeSnitz, 
Aktiengesellschaft, GoefSnitz. 

Portland-Zementfabrik Halle a. d. 
Saale, Halle a. d. Saale. 

Portland - Zementfabrik, Karlstadt 
a. M. 

Portland-Zementwerke Heidelberg 
und Mannheim, A.-G., Heidelberg, 

Portand- Zementwerk Rombach, 
A.-G., Rombach, Lothringen. 

Prégardien, J., Dampfkesselfabrik, 
Kalk bei Koln, 

Priifungsanstalt fiir Baumaterialien, 
Kgl. Sachsische, an den techn. 
Staatslehranstalten, Chemnitz. 

Probst, E., Zivilingenieur, Berlin W 50, 
PragerstraBe 2, 

Priissing, C,, Chemiker, Fabrikdirektor 
Portland - Zementfabrik Hemmoor 
a. d, Oste. 

Prissing, P., Dr., Schénebeck a. d. 
Elbe. 

Rathjen, J., Fabrikbesitzer, Ottensen 
bei Hamburg, 
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277 
278 
279 


280 


281 
282 
283 


284 
285 
285 


286 
287 
288 


289 
290 
291 
292 


293 


Allemagne — Deutschland — Germany, 


Regierungsprasidium, Kgl., Aurich, 
Vertreter: 
Carl Prinz von Ratibor, Dr., 
Regierungsprasident, Aurich. 
Schulze, Reg.- und Baurat, Emden. 
Regierungsprasidium, Kgl., Brom- 
berg, 
Wertrdte rs 
May, Reg - und Baurat, 
Schwarze, Reg - und Baurat. 
berg. 
Regierungsprasidium, Kgl., Danzig, 
Vertreter: 
Lehmbeck, Reg.- u. Baurat, Danzig. 
Mau, Reg.- und Baurat, Danzig. 
Hentschel, Hafenbauinspektor, Neu- 
fahrwasser. 
Delion, Wasserbauinspektor, Elbing. 
Regierungsprasidium, Kgl., Konigs- 
berg. 
Vertreter: 
Ladisch, Reg.- und Baurat, Konigs- 
berg. 


Musset, Hafenbau-Inspektor, Bau- | 


rat, Memel. 
Strau8, Hafenbau-Inspektor, Pillau. 
Regierungsprasidium, Kegl., Stettin. 
Vertreter: 
Rudolph Maschinenbau-Inspektor. 
Reg.- und Baurat, Bredow a. O. 
Zander, Bahnhofsvorstéher, Swine- 
munde. 
Narten, Reg.- und Baurat, Stettin. 
Reichs - Marineamt, Kaiserliches, 
Berlin W, 9. 


Vertreter: 
Hiillmann, Marine-Oberbaurat, 
Schulz, Marinebaurat. 

Reusch, Paul, Vorstandsmitglied 
der Gutehoffnungshiitte, Ober- 
hausen (Rheinl.). 

Rheinischer Dampfkesseliiber- 
wachungs-Verein, Disseldorf, 

Rieppel,, WA co Ve0Ds,, Ing.,.y Bau= 
rat, Direktor der Maschinen- 
bau-Aktiengesellschaft, Nirn- 
berg. 

Roch, Oberkunstmeister, Professor 
a. d. Kgl. Sachs. Bergakademie, 
Freiberg in Sachsen. 

Roéchlingsche Eisen- und Stahl- 
werke, G. m. b. H., Vélklingen 
a. d. Saar. 

Rosenzweig, G.,  Fabriksbesitzer 
und Teilhaber der Firma Rosen- 
zweig & Baumann, Cassel. 
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295 
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298 


299 


300 


301 


302 


303 


304 


305 


306 


307 


308 


309 


Sack & Kisselbach, Maschinen- 
fabrik und  Kesselschmiede, 
Dusseldorf-Rath. 

Saigge, Intendantur- und Baurat 
der Kgl, Intendantur des 15, 
Armeekorps, StraSburg. 

Sachsisch - Anhaltischer Verein 
zur Priifung u. Uberwachung 
von Dampfkesseln, Bernburg, 

Sachsischer Dampfkessel — Re- 
visionsverein, Chemnitz, 

Sachsisch - Thiiringischer Dampf- 
kessel—Revisionsverein, 
Falle:a,..S, 

Sachsisch - Thiiringische Portland- 
zement-Fabrik Priifing & Co., 
Géschwitz, 

Schacht, W., technischer Direktor 
d. Aktiengesellschaft, Vereinigte 
Strohstofffabriken Tannicht bei 
Coswig i. S. (Niederlésnitz bei 
Dresden, Privatwohnung), 

Schaffer & Budenberg, Maschinen- 
und Dampfkessel - Armaturen- 
Fabrik, Magdeburg-Buckau. 

Scheit, H., Regierungsrat, Professor 
und Direktor der Kel. Sachs. 
mech, techn. Versuchsanstalt 
an der Techn. Hochschule, 
Dresden. 

Schimischower Portlandzement- 
Kalk- und Ziegelwerke, Schi- 
mischow, O,-S, 

Schlesische Aktiengesellschaft fiir 
Portlandzement - Fabrikation, 
Groschowitz bei Oppeln. 


Schlesischer Verein zur Uber- 
wachung von Dampfkesseln, 
Breslau, GartenstraBe 32b., 


Schopper, L., Anstalt fir Prazi- 
sions-Mechanik, Leipzig, Arndt- 
straBe 27. 

Schott, F., Direktor der Portland- 
zement-Fabrik, Heidelberg. 
Schrader, W., Direktor des Stutt- 
garter Immobilien- und Bau- 
geschaftes, Stuttgart, Neckar- 

strafe 84. 

Schrédter, E., Dr, Ing., Geschafts- 

fuhrer des ,Vereins Deutscher 


Eisenhuttenleute“, Dusseldorf, 
Jakobistrafe 5. 

Schwenk, E., Zementfabrik, Ulm 
Sen Ges), 


Seipp, H., Dr., Direktor der Kgl. 
Baugewerkschule, Kattowitz, 
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314 


323 
324 


Allemagne — Deutschland — Germany, 


Selve, G,, Geheimer Kommerzien- 
rat, Firma Basse & Selve, Altena, 
Westf, 

Simon, Ed., Chemiker in Dresden, 

Sonne, W., Dr., Vorstand der 
Grofh, chemischen Priifungs- 
anstalt fur die Gewerbe, Darm- 
stadt, HeinrichstraBe 55. 

Springorum, Fr., Hiittendirektor, 
Dortmund, Stahlwerk Hoesch. 

Stapf, Regierungsbaumeister, Ber- 
lin W 285, LutzowstraBe 62. 

Steinbriick, P., Fabrikdirektor, 
Kommerzienrat, Karlstadt a. M. 

Stettin-Bredower Portlandzement- 
Fabrik, Bredow a. d. Oder. 

Strau8, B., Dr., Vorstand = der 
Physikal. Versuchsanstalt der 
Gustahlfabrik Fried. Krupp, 
A.-G, Essen, 

Stribeck, R., Professor, 
Trabenerstrafe 21. 

Sugg, Oberhitteninspektor, 
hutte, O.-S. 

Technisches Bureau der Hamburg 
—Amerika-Linie, E, Blumen- 
thal, Maschineninspektor, Ham- 
burg, Altstadt Stiderteil, Zwei- 


Grunewald, 


K6nigs- 


bruckenstraBe, 

Technikum der Stadt Bremen, 
Bremen, 

Technische Hochschule, Kegl., 


Bibliothek, Aachen. 
Technische Hochschule, Kg1., Berlin. 
VWertrervec. 
Obergethmann, Professor. 


Technische Hochschule, Abteilung 
fur Bau-Ingenieurwesen, Kegl., 
Charlottenburg. 

Techn. Hochschule (Biicherei) in 
Danzig (Langfuhr). 


Techn, Hochschule, Grofherzogl., 
Darmstadt. 

Techn. Hochschule, Grofherzogl., 
Karlsruhe. 

Techn, Hochschule, Herzog]. , Braun- 
schweig. 


Techn, Hochschule, Kgl., 
Tiefbauamt der Residenz, 
ruhe. 
Toepffer , 
Pommern. 
Traun, Dr. Heinrich & Sdhne, 
vorm. Harburger Gummi-Kamm- 
Compagnie, Hamburg 8, Meyer- 

strafe 59. 


Dresden, 
Karls- 
in 


Dr., Finkenwalde 
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338 


339 


392 


353 


Treumann J., Dr., Hannover, 

Union, A.-G. fiir Bergbau-Eisen- 
Stahl-Industrie, Dortmund, 

Verband der deutschen Pflaster- 
u. Hartstein-Industriellen. z. H. d. 
Herrn 

Dr. Wasner, 
straBe 61. 

Verband deutscher Architekten- 
und Ingenieur-Vereine, Berlin W 
30, HeilbronnerstraBe 24. 

Verband selbstandiger offentlicher 
Chemiker Deutschlands. 

Kassenfthrer: 

Popp, Dr., Frankfurt a./M., Mainzer- 

straBe 52. 


Berlin W 80, Motz- 


Verein der Kupferschmiedereien 
Deutschlands. 
Ad tesee: 


Heymann Th, v., Hannover. 

Verein deutscher Eisenhiittenleute, 
Diisseldorf, Schadowplatz 14. 

Verein deutscher Fabriken feuer- 


fester Produkte, Geith Rud.,, 
Oeslau b. Coburg. 
Verein fiir die Berg- und 


Huttenmannischen Interessen im 
Aachener Bezirk, Aachen, Theater- 
straBe 6, 

Verein fiir Eisenbahnkunde, Berlin 
W 66, Wilheimstrafie 92/93. 

Verein deutscher Chemiker, Halle 
a. d. Saale, z, H. des Herrn ~ 

Fritz Liity, Direktor, Mannheim, 

Me Pesci BL 

Verein deutscher Eisen- und Stahl- 
industrieller, Berlin W 35, Karls- 
bad 4a. 


; Verein deutscher Ingenieure, Berlin 


NW 7, Charlottenstrafe 43. 

Verein deutscher Ingenieure,Bezirks- 
verein a. d, niedr. Ruhr. 

Vertreter? 

Buitow, Obering, Essen a. d. Ruhr. 

Verein deutscher Maschineninge- 
nieure, Berlin SW 68, Lindenstr. 80. 

Verein deutscher Portland-Zement- 
Fabrikanten, Heidelberg. 

Verein deutscher Revisions-Inge- 
nieure. z. H. des Herrn 

Dr. Lébner, jur., Hofrat, Leipzig. 

Verein zur Beférderung des Ge- 
werbefleifies, Berlin, Techn. Hoch- 
schule, - 

Verein zur Revision und Uber- 
wachung von Dampfkesseln, 
Cassel. 


354 
355 


356 


357 


358 
359 


360 
361 
362 
363 


364 


Allemagne — Deutschland — Germany. 


Verein zur Uberwachung der Dampf- 

kessel in Hannover, 
Vertreter: 

Dunsing, Oberingenieur, Hannover. 

Vereinigte Kénigs- und Laurahiitte, 
A.-G, fiir Bergbau- und Hiitten- 
betrieb, Berlin W 8, Franzésische- 
straBe 60/61. 

Vereinigte Maschinenfabrik Augs- 
burg und Maschinenbaugesell- 
schaft Niirnberg, A.-G,, Werk 
Niirnberg. 

Vogt L., Oberingenieur der Berg- 
schen Dampfkessel - Revisionsver- 
eine, Barmen, PoststraBe 9, 

Wagner H., Verblendsteinfabrikant, 
Glatz, Schl. 

Wagner P., Teilhaber der Firma 
Pee ervas Sonne, G.” i. be” H., 
K6ln, Mechtildistrafe 6. 

Wedding Carl, Korvettenkapitan, 
S. M. S. ,Zieten*, Wilhelmshafen. 

Wendemuth, Baurat, Mitglied der 
Wasserbaudirektion, Hamburg, 

Weyrich, Baurat, Hamburg, Altes 
Rathaus, AdmiralitatsstraBe 56, 

Wigand P., Fabrikdirektor, Stutt- 
garter Zementfabrik, Blaubeuren 
in Schelklingen, 

Wild H., Hiittendirektor a. D., Han- 
nover, Wedekindstrafe 24 I. 


365 


366 


367 
368 
369 


370 


371 


372 


373 
374 


3875 


Wimmer, Dr., Vereid. Nahrungs- 
mittelchemiker, Stettin, Elisabeth- 
straBe 69. 

Wolf R., Kgl. Kommerzienrat, Ma- 
schinenfabrik und Kesselschmiede, 
Magdeburg-Buckau. 

Wunstorfer Portland-Zement-Fabrik 
A.-G., Wunstorf-Bahnhof, 

Wirttembergischer Bergrat, Kgl, 
Stuttgart, 

Wurttembergischer Bezirksverein 
Deutscher Ingenieure, Stuttgart. 
Wurttembergischer Dampfkessel- 
Revisionsverein, Stuttgart. 
Veértreter: 

Lechner Th., Kel. Baurat, 
ingenieur des Vereins, im Ver- 
hinderungsfalle. dessen Vertreter. 
Wiurttembergische Ministerialabt., 
Kgl., fiir den Strafen- und 

Wasserbau, Stuttgart. 

Wiurttembergisches Portland -Ze- 
mentwerk, Lauffen a. Neckar. 

Wust, F., Dr., Professor in Aachen. 

Zentralverband der preufischen 
Dampfkessel- Uberwachungsver- 
eine, Frankfurt a. Oder. 

Zeugmeisterei, Kgl. Sichs., 
Dresden. 

Vertreter: 
Enders, Ingenieur und Betriebsleiter. 


Ober- 


in 


13 


République Argentine — Argentinien — 


Argentine 


Republic. 


1 Centro Nacoinal de Ingenerios, Buenos-Aires, Gerrito 228. 


Australie — Australien — Australia. 


1 Allan, Pery, Memb. Inst. C, E., Engi- 
neer Public Works Department 
N. S. Wales, Public Works Dep. 
Sydney, N. S., W. 

2 Barraclough, S. Henry, Lecturer on 
Mechanical Engineering; University 
of Sydney; Ny Sea: 

3 Burrows, William & Frederick, Civil 
Engineer, Government Testing 
Office. Sydney, New South Wales. 

4 Deam, Henry, M. Inst. C. E., Civil 
Engineer, Equitable Building, 
George Street, Sydney, N. S$. W. 

5 Dare H. H., Assistant Engineer Public 
Works ,.Dep,,..N. 5. WwW, 

6 Gibson, Alex. G., Demonstrator in 
Engineering Design; University of 
sydney, Nits, We 

7 Higgins, George, M. C. E., Lecturer 
on Engineering, University of Mel- 
bourne, Victoria. 

8 Houghton, J. H., M, Inst. C. E,, Civil 
Engineer, Corner of Bridge and 
Fit sir Sydney, Nico. Ws 

9 Julius, G. A., Engineer for Designs 
and Tests Government Railways 
Western Australia Railway Depart- 
ment, Midland Junction. 
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10 Knibbs, G._H., F..R. As S.C. Chiel 
of the Commonwealth Bureau of 
Census and Statistics, Sydney, 
Nic oe WY 

11 Macwhinnie, J. W., Chief Engineer for 
Railways Office, Brisbane, Queens- 
land, 

12 Morrison, Archd., B E., Civil Engineer, 
P. N, Russell Engineering School, 
University of Sydney, N. S. W. 

13 Owen, Pircy T., Lieut. Colonel, (late 
staff), A. Inste (op. Beene 
Eng., Director General of Works 
Commonwealth of Australia, Syd- 
ney, .N; Ss. We 

14 Scheidel Dr. A., Managing Director 
The Commonwealth Portland Cement 
Comp. Ltd. Mutual Life of New- 
York Building, Martinplace, Sydney. 

15 Scott Rob. Jul., M. Inst. C. E, M. 
Inst, M. E., Professor Engineering 
University of New Zealand, Christ- 
church, New Zealand. 

16 Vicars, J., M. E, Assoc, M. Inst. C. 
E,, City Engineer, Adelaide Town 
Hall, Adelaide, South Australia. 

17 Warren, W. H., M. Inst. C. E,, M. Am. 
Soc..C. E.,. Challis | Professanmon 
Engineering, University of Sydney. 


Autriche — Osterreich — Austria. 


1 Alpine Montangesellschaft, Osterr- 
reichische, Wien, I., Kdarntner- 
straBe 55. 

2 Artmann, E., Dr., k. k. 0. 6. Professor, 
Wien, IY., Technische Hochschule. 


3 Ast, Ed., Ingenieur, Bauunternehmer, 
Wien, IX., LiechtensteinstraBe 41. 


4 Ast, W., k, k. Regierungsrat, Wien, 
IX.. Spitalgasse 25. 

5 Bach, Th., k. k. Oberaurat, o. 6. 
Professor, Prag, Franzenskai g. 


6 Bamberger, Max, Dr., o. 6. Professor, 
an der techn. Hochschule, Wien, 

7 Berg- und Hiittenmannischer Verein, 
Mahrisch-Ostrau. 

8 Berger, Franz, Inspektor de; Siid- 
bahn, Wien, VII., Schottenfeld- 
gasse 37. 

9 Berger, Franz, Dr. techn.,k:k.Sektions- 
Chef im Ministerium fir 6ffentl. 
Arbeiten, Wien, VII., Schottenfeld- 
gasse 37. 

Bertl, Josef, Professor der k. k. b6hm.- 
techn. Hochschule, Prag, 

Bibliothek der k. k. Technischen Hoch- 
schule, Wien. 

Birnbaum, P., Ober-Inspektor der 
k. k. 6sterr. Staatsbahnen, Krakau, 
Rycerska 9. 

Biré, L., Ingenieur, Wien, III., Reisner- 

_straBe 61. 

Blaschezik, J., Direktor der Kénigs- 
hofener Zementfabriks-A.-G., Wien, 
I., Bauernmarkt 13. 

Blythe, John, B., Fabriksbesitzer, 
Wien, I., ElisabethstraBe 22. 

Bode, R, Direktor der Wiener Bau- 
gesellschaft, Wien, I., Wallner- 
straBe la. 

Boschan, A. R. v., 
der k. k. Nordbahn, 
Kantgasse 3. 

Brausewetter, V., Ingenieur, Chef der 
Beton-Bauunternehmung, Wien IV., 
Frankenbergeasse 13, 

19 Brejcha, C,, Oberinspektor der Nord- 

westbahn, Wien, II., Nordwestbhf. 
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ty Oberinspektor 


Wien, ‘I,, 


18 


15 


20 Brik, J., k. k. Hofrat, Professor an 
der techn. Hochschule, Wien, IV. 

21 Britz, Johann, Maschineningenieur, 
Direktor a, D. der Ganz & Co. 
EisengieBerei und Maschinenfabrik 
A,-G., Wien, V11/2, Kirchengasse 44. 

Bromovsky, Schulz & Sohn, Ma- 
schinenfabrik, Prag. 

Bures, Ottokar, Dr., Architekt, Prag, 
klg. Weinberge 181. 

Buresch, A., Baumeister, Prag, k 
Weinberge. 

Burger, Wenzel, k. k. Baurat im 
Kisenbahnministerium, Wien, L, 
Schillerplatz 9. 

) Chaudoir & Comp., Gustav, Wien, 
XI/1, Simmeringer HauptstraBe 57. 

Ceipek; Konst.,.Edl. v., k. u. k. 


22 
23 


gl. 


Hauptmann, Wien, IX., Zimmer- 
mannsgasse 1, 

28 Cimonetti, Emil, k. k. Baurat im 
Eisenbahn-Ministerium, Wien, IV., 
Rubensgasse 13, 

29 Curti, A., Dr., Fabriksbesitzer, Wien, 


VUI., AlserstraBe 47, 

Dampfkesselpriifungs- und Uber- 
wachungsverein, Prag, Heinrichs- 
gasse 25, 

Dampfkegsel - Untersuchungs- und 
Versicherungs-Anstalt, Wien, I., 
Operngasse 6; 

Demski, G., Architekt und Stadtbau- 
meister, Wien, IX., Giinthergasse 3. 

Deutscher polytechnischer Verein 
in Béhmen, Prag, Krakauergasse. 

Direktion der Aktien-Gesellschaft 
der k, k. priv. hydr. Kalk- und 
Portland-Zementfabrik zu Perl- 
moos, Wien, I., Lothringerstr. 8. 

Direktion der maschinengewerbl. 
Fachschule, Komotau. 

Direktion der priv. dsterr. - ungar. 
Staatseisenbahn-Gesellschaft, 
Wien, I., Schwarzenbergplatz. 

Direktion fiir den Bau der Wasser- 
strafen, Wien, IIJ., Henslerstr. 3, 

Doderer, W. v., k. k. Baurat, Bau- 
unternehmer, Wien, III.,Stammg. 12. 


37 
38 


Autriche — Osterreich — Austria, 


39 Dominen-Direktion Reichenau, Wien, 
I., Opernring 23. 

40 Dormus, A., Ritter v., Inspektor der 
k. k, Nordbahn, Wien, II, Kaiser 
JosefstraBe 36. 

41 Ehrenwert., J. v., 
Leoben. 

42 Emperger, F. v., Dr., k. k. Ober- 
Baurat, b. a. Bau-Ingenieur, Heraus- 
geber von ,Beton u. Eisen“, Wien, 
1V., Paniglgasse 5. 

43 Engelmann, Franz, Zimmermeister, 
Briinn, Giskragasse 23. 

44 Erste béhm,-miahrische Maschinen- 
fabrik, Prag. 

45 Erste Floridsdorfer Tonwarenfabrik, 
Lederer & Nessenyi A.-G., Wien, 
I., Operngasse 14. 

46 Felten & Guillaume, Fabrik elektr, 
Kabel, Stahl- u. Kupferwerke, A.-G., 
Wien, I., Gudrunstrafe 11. 

47 Fiedler Thadd., k, k. Professor der 
technischen Hochschule, Lemberg. 

48 Fischer’sche Weicheisen- und Stahl- 
giefSierei-Gesellschaft, Traisen. 

49 Fleischhacker, Martin, Gemeinderat 
und Stadtbaumeister, Brunn. 

50 Freifiler, A., Ingenieur, Hof-Maschinen- 
fabrikant, Wien, X. Erlachpl. 3—4. 

51 Frizzera Domenico, Trient. 

52 Fuchs H., Ing., Konstrukteur der 
k, k. deutschen techn. Hochschule, 
Prag, II., Stephansgasse 4. 

53 Gassner, H., kaiserlicher Rat, Ober- 


k, k,. Professor, 


Inspektor der k, k. Staatsbahnen, 
Lemberg. 
Gebriider Bohler & Cie., A.-G., 


I., ElisabethstraBe 12—14, 
Vertreter: 


54 Heisnig, Franz, Oberingenieur. 
55 Gerstner, Franz, k. k. Reg -Rat, 
General-Inspektor der Ost,-ung. 


St,-E.-G., Wien, I., Schwarzenberg- 
platz 3. 

56 Gener, Aug., Dr., Maschinen-Kom- 
missar der k, k. Nordbahn, Wien, 
IV., Karolineng. 32. 

57 Golleschauer Portlandzementfabrik, 
Wien, I., Am Hof 6. 

58 Greil, A., Baurat, Vorstand der stadti- 
schen Material - Prufungsanstalt, 
Wien, I, Rathaus. 

59 Greger, Otto, wirklicher Lehrer am 
k. k. Technologischen Gewerbe- 
museum, Wien, XVIII., Edelhof- 
gasse 15. 


60 
61 


62 


63 
64 


65 


66 


67 
68 
69 


70 


80 


81 


Gridl, Ig., Ing., Wien, V., Bacherplatz 3. 

Grofmann, Joset, Ober-Inspektor der 
ésterr. Nordwestbahn, Wien, XX/2, 
Nordwestbahnhof, 

Gutmann, M. R. v., k. k. Bergrat, 
Berg- und Hutteningenieur, Wien, 
I., Fichtegasse 10. . 

Griinebaum, Franz, k, u. k. Major 
a. D,, Wien, I., Schottenring 4. 

Griinhut, Alfred, Ingenieur, k. k. 
Oberkommissar, Wien, VII., Sieben- 
sterngasse, k. k. Patentamt. 

Haberkalt, K., k. k. Ober-Baurat im — 
Ministerium des Innern, Wien, L,. 
Salvatorgasse 12. 

Hanisch, A., Oberbaurat, k. k. Pro- 
fessor, Sektionsvorstand u, -Leiter 
der Versuchsanstalt fiir Bau- und 
Maschinen - Material am k. k. 
Technologischen Gewerbe-Museum,. 
Wien, IX., WahringerstraBe 59. 

Hardy, J. R., Ingenieur, Wien, XIX., 
Wollergasse 4. 

Hardy, J. G., Ingenieur, Wien, L., 
Riemergasse 138. 


Hatschbach, Franz, k, k, Baurat im 


Eisenbahnministerium, Wien, I, 
Schillerplatz 9, 

Hauser, W., k. k. Oberbaurat im 
Eisenbahnministerium, Wien, L., 
Schillerplatz 9, 

Haufiner, A., diplomierter Ingenieur 


und Professor an der k. k. techn, 
Hochschule, Brinn. 

Helmsky, Wilhelm, Ingenieur, Wien, 
VI, JosefstadterstraBe 9. 

Herget, Max, Prag. 

Hermann, Hugo, Dr., Privatdozent, 
Chemiker der Skodawerke A.-G,,, 
Pilsen. 

Hess Ludwig, Dr., k. k. Professor, 
Briinn, Franz JosefstraBe 12. 

Honigsberg, Otto, Oberkommissar der 
k. k. priv. Stdbahn-Gesellschaft, 
Wien, X., Sudbahnhof, 


Y Hrasky,Ji0Vi,0omra: Professor der 


technischen Hochschule, Prag. 

Jenisch, P. v., k. k. Bergkommissar, 
Cilli. 

Jeczmieniowski, K., Ober-Inspektor 
der k. k. Osterr. Staatsbahnen, 
Wien, VI., Gumpendorferstrafe 10. 

Jiiptner, H. Freiherr v., k. k. o. 6. 
Professor der technischen Hoch- 
schule, Wien, IV., Viktorgasse 1. 

Kaiser, Ed., k. k. Oberbaurat, Wien, 
I., Franzensring 22. 


Autriche — Osterreich — Austria. 


$2 Kapsa, Adalbert, b. a. Bau-Ingenieur, 
Pilsen. 

$3 Kapsa, Lumir, stud. techn, k. k, 
techn. Hochschule, Prag, 

84 Karg, W., Ingenieur, Wien, IV., Pl6s1- 
gasse 9. 

85 Kind, Richard, Fabrikant, Wien, III, 
Arenbergring 16. 

86 Kick, F., Dr. techn., k. k. Hofrat, 
Professor an der technischen Hoch- 
schule, Wien, IV., Technische Hoch- 
schule. 

87 Kienesperger, F., k. k. Oberbaurat 
im Eisenbahnministerium, Wien, 
I,, ElisabethstraBe 9. 

88 Kirsch, B., k.k. 0. 6. Professor der 
techn, Hochschule, Vorstand des 
mech.techn,Laboratoriums, Wien, IV. 

89 Klaudy, Jos., diplomierter Chemiker, 
k.k. Professor, Wien, IX., Viriotg. 6. 

90 Kordina, Karl, Fachvorstand der 
mech.-techn, Abteilung der k k. 
bohm, Staatsgewerbeschule in Prag. 

91 Kotek, Franz, Baumeister in Pilsen. 

92 Kraft, A., Zementfabriks-Besitzer, 
Kufstein. 

93 Kurrein, Max, Dr., Ingenieur, Hunds- 
worth, 44 Holty Road. 

94 K. k. Nordbahn-Direktion, (Material- 
beschaffungs- und Ubernahms-Ab- 
teilung), Wien, IJ., Nordbahnstr. 50. 

95 K.k. priv. allg. ésterr. Bodenkredit- 
anstalt, Wien, I., Teinfaltstra8e 8. 


96 K. k. priv. Osterreichische Nord- 
westbahn. 


Vertreter: 
GroSmann, J., Oberinspektor, 
Brejcha, C., Oberinspektor. 
97 K. k. priv. Siidbahn-Gesellschaft, 
Schienenwalzwerk, Graz. 
98 K. k. priv. Siidbahn-Gesellschaft, 
Maschinendirektion, Wien. 
99 K. k, priv. Siidbahn-Gesellschaft, 
Baudirektion, Wien. 


Vertreter: 
Hermann, A.,k. u. k. Hauptmann. 
Kodolitsch, R., k. u, k. Major. 
Malenkovic, B.,k.u.k, Hauptmann. 
100 K.k.Staatsbahn-DirektionInnsbruck 
101 K. k. Staatsgewerbeschule, Wien, 
J,, Schellinggasse 13. 


Vertreter: 
Pfeffer, Leopold, Dr. techn. Professor. 
102 K. k. Technologisches Gewerbe- 
Museum, Wien, IX., Wahringer- 
straBe 59. 


112 


113 


114 


103 K. u. k. Reichs-Kriegsministerium, 
Marinesektion, Wien, Wahringer- 
strafe, 

Vertreter: 
Zweig, Heinrich, k. k. oberster 
Schiffbauingenieur, 

104 K. u. k. Reichs-Kriegsministerium, 
techn. Militarkomitee, Wien, VI., 
Getreidemarkt. 

105 Landeskultur-technisches Amt, 

Brinn. 

Lejeune, Franz, Konstrukteur der 
technischen Hochschule, Wien, 
IV., Karlsplatz, 

Lenz, A. v., jun., Eisen- und Stahl- 
werksbesitzer, Traisen, N.-O. 

Leobner, Heinr., k. k. Reg.-Rat im 
k. k. Ministerium fiir 6ffentliche 
Arbeiten, Wien, IX., Porzellang. 

Leon, A. Dr. techn., Privat-Dozent 
an der k, k. techn. Hochschule in 
Wien, IV., Karlsplatz. 

Leube, Gebriider, Portland-u.Roman- 
Zementfabrik, Gartenau b. Salzbur'e. 

Lichtenfels, A. v., Direktor der, 
Alpinen Montangesellschaft, Wien, 
I, Seilerstatte 11. 

Lihotzky, Erwin, Ober-Inspektor, 
Werkstattenchef der priv. ésterr.- 
ungar. St.-E.-G., Wien, IV., Karo- 
linengasse 19. 

Lhota, Josef, k. k. Regierungsrat, 
Direktor der k, k. béhm. Staats- 
gewerbeschule in Pilsen, 

Ludwik, C., k. k. Oberbaurat, leiten- 
der Direktor der Prager Maschinen- 
bau A.-G. vormals Ruston & Co,, 
Lieben-Prag, 

Luza & Cie., Eduard, Wier, X/3, 
Hausergasse 39—4l, 

Lithy, J., Zementfabrikant, Kufstein 
(Tirol). 

Ludwik, Paul, Dr., Hon.-Dozent an 
der technischen Hochschule, Wien, 
Technische Hochschule, 

Magistrat der k. k. Reichshaupt- 
und Residenzstadt Wien. 

Marek, Carl, k. k. Hofrat, 
VI., Magdalenenstrafe 40. 

Mautner, Otto, Bau-Oberkommissar 
der k, k. N.-B.,. Wien, II., Nord- 
bahnstraBe 50. 

Melan, J.,dpl. Ingenieur, 0, 6.Professor 
des Brtickenbaues an der k. k. 
deutschen techn. Hochschule, Prag. 

Meyer, Oswald, Dr., Ingenieur, 
Klagenfurt, Hasnerstrafe 7. 
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107 
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109 


110 
ua 


Wien, 
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123 Muller, Franz, stud. techn., k. k. 
bohm. techn, Hochschule, Prag. 

124 Naehr, Karl, Ingenieur, k. k. 
Kommissér der Direktion fur den 
Bau der Wasserstrafen, Wien, III., 
Seidlgasse 15. 

125 Nebehosteny, Josef, Architekt Brunn, 
Stadtbauamt, Kroéna 68. 

126 Nebrich, Ph,, Fabrikant, 
Smichov, 

127 Neumann,’*P., 0, 6. Professor der 
k. k. deutschen technischen Hoch- 
schule Brunn. 

178 Niederésterr. Gewerbeverein, Wien, 

I., Eschenbachgasse 11. 

Nouackh, J., Berg-Ingenieur, Be- 

triebsdirektor, Obtan bei Brinn. 

Novak, Karl, o. 6. Professor der 

bohm. techn. Hochschule, Prag. 

Ohligs, Bernhard, Ingenieur, Wien, 

VII., Breitegasse 4. 
Opatrny, Alois, Dr., Ingenieur fur 
elektrische Unternehmungen, Prag I. 

Osterr. Berg- und Hiittenwerks- 

geselischaft, Teschen. 

Osterr, Ingenieur- und Architekten- 

Verein, Wien, I., Eschenbachg. 9. 


Osterr. Mannesmannroéhren-Werke, 

, Wien, 1X., WahringerstraBe 6—8. 

Osterr. Siemens-Schuckert-Werke, 

_ Wien, XX/2, EngerthstraBe 150. 

Osterr. Portlandzement - Fabriks- 
Aktiengesellschaft, Szczakowa, 

_, Galizien. 

Osterr. Verband von Mitgliedern 
d. Vereines deutscher Ingenieure, 
Wien, I., Johannesgasse 4. 

Panfilli, Heinrich, Ingenieur, Triest, 


Pascher, Heinrich, Berg-Ingenieur, 
Betriebsdirektor der Perlmooser 
Aktiengesellschaft, Kirchbichl-Perl- 
moos, 

Paul, Martin, Dr., 
Wien, I., Rathaus, 

Pechar, Hans, Fabrikant, 
bei Teplitz, 


Prag- 


129 
130 


Bauinspektor, 


Kosten 


an der k, k, Staatsgewerbeschule, 
Wien, I,, Hegelgasse. 
Pfeuffer,./F.,.ok.ck. )Ober-Baurat, 
Ober-Inspektor der priv. Staats- 
eisenbahn - Gesellschaft, 
Schwarzenbergplatz 3. 
Pierus, Robert, Inspektor des k. k. 
Eisenbahn-Ministeriums, Wien, IV., 
Wiedner Hauptstra8e 39, 


145 


Pfeffer, L., Dr., Ingenieur, Professor | 


Wien, L,! 


146 


147 


148 


149 


150 
151 


163 


Pierus, Th., Ingenieur, Zentral- 
Direktor der Perlmoser Zement- 
fabriks-A,-G., Wien, IV., Panigl- 
gasse 18- 20. 

Pittel, A., Baron, Zementwaren- 
fabriksbesitzer, Weifenbach an der 
Triesting, N.-O. 

Podhajsky, Fr., Oberinspektor der 

ort 


ést.-ung. St.-E,-G., Wien, 
Schwarzenbergplatz 3. 

Podoler Zementfabrik, Bohmische 
Aktiengesellschaft zur Gewinnung 


und Verwertung von Baumaterial, 
Prag. 


Poldihtitte, Direktion der, Wien, [., 
Landskrongasse 1, 

Popp, Freiherr von, Konstantin, 
Ingenieur, Sekretar des Oesterr. 
Ingenieur- und Architektenvereines, 
Wien, I., Eschenbachgasse 9. 

Portlandzement- Fabrik - Kirchdorf, 
Hoffmann & Co,, Linz a.d. Donau, 
Graben 19. 


Prager Eisenindustrie-Gesellschaft, 
Wien, I., Landskrongasse 1. 

Priebsch, Jos., Fabriksdirektor der 
Zementfabrik, Judenburg bei Graz. 

Przychocki, Freiherr v,, S., k: k. 
Ober - Baurat im Eisenbahn- Mi- 


nisterium, Wien, I. Elisabeth- 
straBe 9. . 
Rabas, H.,° k, k. “Baurat Prana, 


Schwendengasse 3. 

Radotiner Portlandzement- Fabrik, 
Prag, 102/III. 

Rechenberg, O. von, Dr., Direktor des 
Portlandzementwerkes, Tschisch- 
kowitz bei Lobositz. 


Reckenschuf, R. v., R., Dr., techn. 
dipl. Ingenieur, Professor a. d, techn. 
Hochsch., Wien, VI., Burggasse 20. 

Redlich C. & Briider Berger, Wien, 
IX., Garnisonsgasse 38. 

Reichert C., Optiker, Wien, VIII., 
Bennogasse 26. 

Reitler, Ernst, Ingenieur, General- 
sekretar des Internationalen Ver- 
bandes fur die Materialprufungen 
der Technik, Bau-Oberkommissar 
der k. k. Nordbahn, Wien, II./2, 
NordbahnstraBe 50. 

Renezeder, Heinrich, Dr., Adjunkt 
a. d. k. k. techn. Hochschule, Wien. 


Rieger J., Dozent an der bohm. 
technischen Hochschule, Brinn. 
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yw 
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Rihosek, J,, k. k. Baurat im Eisen- 
bahn-Ministerium, Wien, I., Gauer- 
manngasse 4. 

Ringhoffer, F,, Maschinenfabrik, 
EisengieSerei und Kesselschmiede, 
Kupfer- und Metallwarenfabrik, 
Smichow bei Prag. 

Rosche, H., k. k. Hofrat, General- 
direktor der Aussig-Teplitzer Eisen- 
bahn, Teplitz. 

Rossipal, Heinrich, Kladno (Poldi- 
hiitte). 

Sailler A., Direktionsrat, Wien, IV., 
FavoritenstraBe 20. 

Saliger, Dr. Ing, k. k. 0-6. Prof, 
der deutsch, techn. Hochschule, 
Prag, IL, Franzens-Kai 8. 

Schreitter F. J., Ober-Inspektor der 
osterr, Wagenleih - Gesellschaft, 
Deutsch-Wagram. 

Schmidt & Co., Rudolf, GufSstahl- 
werk und Feilenfabrik, Wien, X., 
FavoritenstraBe 213. 

Schuster Friedrich, Generaldirektor 
der Witkowitzer Bergbau- u. Eisen- 
gewerkschaft, Witkowitz, 

Schiitzenhofer V., k. k. Hofrat, 
Wien, 1V., HauptstraBe 33. 

Seilern C., Graf, Fabriksbesitzer, 
Milotitz bei Gaya, Mahren. 


) Seilern Julius, Graf, Fabriksbesitzer, 


Holoschau-Prilep. 

Sektion Leoben des Berg- und 
Huttenmannischen Vereines fiir 
Steiermark und Karnten, Leoben. 

Singer Max, Bau-Oberkommissar der 
k. k. St.-B., Wien, XII, Fiichsel- 
hofgasse 7. 


178 Skodawerke, A.-G., Pilsen. 


179 


180 
181 
182 


183 


184 


Spangler Ludwig, Direktor der stadt. 
StraBenbahn, Wien, IV., Favoriten- 
straBe 9. 

Spitzer, Julius, Oberingenieur, 
Huttenverwalter in Witkowitz, 
Stadtbauamt der k. k. Reichshaupt- 

und Residenzstadt, Wien. 

stark’ Fir) Dr.i ‘k> ks-Hofrat, ‘0. -6. 
Professor an der k. k, deutschen 
techn. Hochschule, Prag, Hufgasse. 

Stané Al. k k. Sektionschef im 
Eisenbahn-Ministerium, Wien, L, 
ElisabethstraBe 9. 

Stejnar, Franz, k, u. k. Marine-, 
Land-u.Wasserbaudirektor, Oberst- 
leutnant, Marinesektion, Wien. 


9 Stiegler K., k. k. Oberbaurat b. a, 


Bauingen., Wien, VII., Lindeng. 21. 
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190 


191 


192 


193 
194 
195 
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Stockert L., Ritter v., beh. autor, 
Maschinenbauingen., Professor d, 
k. k. techn. Hochschule, Wien, 
XVII, Dittesgasse 49. 

Stoeckl, Karl, k. k. Oberbaurat im 
Eisenbahnministerium, Wien, ] 
Schillerplatz 9, 

Stor Alb., k. k. 0. 5. Professor der 
mont. Hochschule, Pribram, 

Stradal Adalbert, k, k, Baurat im 
Ministerium des Innern, Wien, I 
Hoher Markt 5. 

Sue, A., Fabriksbesitzer, Witkowitz, 
Mahren, 

Technische Abteilung der k. k. 
Post-und Telegr.-Zentralleitung. 


Vertreter: 


Wellisch Ferd., k.k. Bau-Kommissir, 
Wien. 


Technisches Departement der k. k, 
Statthalterei, Prag, 
Technischer Klub Bozen-Meran. 


Technischer Klub Innsbruck. 


Ternitzer Stahl- und Eisenwerke 
von Schoeller & Co., Wien, i 
Bauernmarkt 13. 

Trifailer Kohienwerks-Gesellschaft, 
Wien. 

Troika’ Ferd. dipl, Ing... k, k, Bau- 
rat, Wien, I., Schillerplatz 9. 

Trnovsky, Johann, k, k. Baurat im 
k. k. Ministerium fir 6ffentliche 
Arbeiten, Wien, IX., Porzellang, 

Ursiny, Mich., k, k. 0.-6. Professor 
der bohm. techn. Hochschule, Prag. 

Velflik Alb., k, k. Professor d. béhm, 
techn. Hochschule, Prag. 

Verein der Montan-, Eisen- und 
Maschinen-Industriellen, Wien. 1, 
Nibelungengasse 13. 

Verein der Techniker 
Osterreich, Linz. 

Verein 6sterr. Zementfabrikanten, 
Wien, I., Schellinggasse 14, 

Waagner, R. Ph., L. & J. Bird, 
A. Kurtz, Briickenbauanstalt, Wien, 
V., MargaretenstraBe 70. 

Wagner S., k. k. Baurat, beh. aut. 
Maschinen-Ingenieur, Wien, V., 
Sonnenhofgasse 6. 

Walzel Aug., k. k. 0. 6. Professor 
an der techn, Hochschule, Brunn, 

Wayss G. A. & Cie., Wien, IV/2, 
Méllwaldgasse 4. 

Weiss Gustav, Fabrikant, Brinn. 
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209 Wertheim F. & Comp., Wien, IV., 
Luisengasse 6. 


210 Wienerberger Ziegelfabriks - Ge- 


sellschaft, Wien, I., Lothringer- 
straBe 1. 

211 Wist Johann, k. k. Hofrat und 
Professor der techn. Hochschule, 
Graz, 

212 Withalm O., Zementfabrik, Markt 
Tiuffer, 


213 Witkowitzer Bergbau- und Eisen- 
hiitten-Gesellschaft. 

214 Wojtechowsky K., Ingenieur des 
Rohrwerks in Witkowitz, 
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215 Wunderer, Friedrich, Konstrukteur 
der techn, Hochschule, Wien, IV., 
GufShausstraBe 29. 

216 Zelinka K., k. k. Ober-Baurat, Wien, 
III., Kélblgasse 2. 

217 Zentralverein der Bergwerksbe- 
sitzer Osterreichs, Wien, lL, 
Nibelungengasse 183. 

218 Zivno Bohumil, o. 6. Professor d. 
béhm. techn, Hochschule, Prag. 

219 Zweig, Heinrich, k. u. k. Oberster 


Schiffsbauingenieur, Marinesektion, 
Wien. 


1 


@ 


Belgique — Belgien — Belgium. 


Administration-Centrale des Mines|19 Derihon Ernest, Industriel a Loncin- 


a Bruxelles. 


les-Liége. 


2 Administration Communale d’An-| 20 Derihon Martin, Ingénieur, Industriel 


3 


oF 
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9 


10 
11 


12 
13 


14 


15 


16 


17 
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. vers, Anvers. 
Administration des Ponts et Chaus- 
sées, Direction des Affaires Gé- 


néerales, 38 Rue de Louvain a 
Bruxelles. 
Allo, Directeur-Général de ia Marine 


a Bruxelles. 

Association pour la surveillance 
des Chaudiéres 4 vapeur, 91 Rue 
du Commerce a Bruxelles, 


Berger J. et Philippe, appareils 
Briinelle a Charleroy. 

Bertaux Victor, Constructeurs, 103 
Rue Bara, Bruxelles. 

Bibliotheque de 1’Ecole Militaire de 
Bruxelles. 

Boél Gustave, Maitre des Forges, 


6 Avenue du Boulevard, Bruxelles. 


Bourgy René, Ingénieur aux Aciéries 
de la Société Cockerill a Seraing 

Camerman Emile, Ingénieur, Chef 
de Service des Essais. Chemins 
de fer de l’Etat-Belge, 31 Square- 
Guttenberg, Bruxelles. 


Charbonnages de Mariemont 
Bascoup, a Mariemont, 

Christophe Paul, Ingénieur-Principal 
des Ponts et Chaussées. 56 Avenue 
des Rogations a Bruxelles. 

Ciselet, Administrateur de Cannon- 
Brand-Cement-Works, Burght-les- 
Anvers, 

Coulier Sylvain, Laboratoire d’essais 
a Berchem-Sainte-Agathe, Bruxelles. 


Decamps Pierre, Ingénieur en Chef, 
Chemins de fer Etat-Belge, 32 Rue 
d’Italie, Bruxelles, 

Dechamps Henri, Ingénieur des 
Mines, Professeur a l'Université de 
et a Liege, 31 Rue du Jardin Bo- 
tanique. 

Demoulin Jean, Directeur- Général 
de la Sté. Ame. de Sambre et 
Moselle a Montigny-sur-Sambre. 


et 
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36 


21 


a Loncin-les-Liége. 

Deroover Gustave, Directeur des 
Ciments de Niel-on-Ruppel a Niel- 
les-Boom, 

Doat Henri, Directeur da le Cie. 
Générale des Conduites d’Eau A 
Liege, 

Dufossez et Henry, 
Ciments a Cronfestu. 

Dulait Julien, Administrateur-Délégué 
des Ateliers de Constructions Elec- 
triques de et a Charleroy. 

Dumon et Co., Carriéres et Ciments 
a Tournay. 

Dupret-Cambier, Industriel a Char- 
leroy. 

Dutoit-Dapsens, Carriéres a Waulx- 
les-Tournay. 

Englebert Oscar, Ingénieur Industriel 
Caoutchoucs, 15 Rue Université, 
Liege. 

Fédération des Constructeurs, 8 Mon- 
tagne de l’Oratoire a Bruxelles, 
Féron, Ingénieur-Eléctricien, 37 Rue 

du Monastere, Bruxelles. 

Frédérix Paul, Administrateur, 1 Rue 
Navette a Liege 

Galopin Alexandre, Ingénieur, sous- 
directeur de la Fabrique Nationale 
d’Armes de guerre a Herstal-les- 
Liége. 

Gérard E, A. J., Secrétaire-Général 
du Ministere des Chemins de Fer, 
Postes et Télégraphes a Bruxelles, 

Gillis Antoine, Directeur de |’Asso- 
ciation des Fabricants Belges des 
Ciments Portland artificiels, 37 
Boulevard de la Senne, Bruxelles, 

Gody Jean, Commissaire-Genéral du 
Gouvernement, Exposition de Bru- 
xelles en 1910, 47 Rue du Viaduc, 
Bruxelles. 

Gomez Alphonse, Chef de Service 
des Forges de la Société Cockerill 
a Seraing. 


Fabrique de 
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Belgique — Belgien — Belgium, 


Gorski Henri de, Ingénieur, Secré- 
taire de la Diréction-Générale de Ja 
Société Cockerill a Seraing. 

Greiner Adolphe,. Directeur-Géneral 
de la Société Cockerill a Seraing. 

Greiner Emile, Directeur a Mor- 
lanwelz 

Happe Valéry, Administrateur-Délégué 
des Ateliers du Thiriaux a La 
Croyere. 

Hiard Léon, Administrateur-Déléegué 
a Haine-St.-Pierre. 

Hiertz Emile, Chef de Service des 
Hauts-Fourneaux de la Société 
Cockerill a Seraing. 


Hofman Emile, Dirécteur des Ciments 
de et a Haccourt, 


Houbaer Emile, Ingénieur aux Acié- 
ries de la Société CockerillaSeraing, 


Hubert Hermann, Ingénieur en chef 
des Mines, Professeur a 1’Univer- 
sité de et a Liege, 64 Rue Fabry. 


Keelhoff Francois, Ingénieur prin- 
cipal des Ponts et chaussées, Pro- 
fesseur a l’Université de et a Gand, 
Rue van Monkhoven, 

Lacanne Felix, Directeur-Gérant des 
Usines de la Providence a Mar- 
chienne-au-Pont, 

Lambert Camille, Ingénieur prin- 
cipal des ponts et chaussées, 
Chateau de Woluwe a Bruxelles. 


Laveleye Baron Edouard de, Se- 
crétaire-Général du Comptoir des 
Aciéries Belges, 9 Quai du Com- 
merce a Bruxelles. 


Lévie fréres, Ciments a Cronfestu. 


Malengreau Oscar, Industriel, 260 
Avenue de Longchamps, Uccle, 


Massart Emile, Sécrétaire Général de 
la Soc, An. G. Dumont, 15, Rue 
Soeurs de Hasque, Liege, 

Moyaux Léon, Administrateur-Délegué 
de la Ste, de Baume et Marpent, 
Morlanwelz. 


Neef Albert, Ingénieur Civil des Mines, 
10, Rue Grandgagnage, Liége. 


Nepper Fernand, Ingénieur, Chef de 
Service a la Fabrique Nationale 
d’Armes du Guerre a _ Herstal, 
78 Rue Lairesse a Liége. 


56 North’s Portland Cement Works, 
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71 


72 


73 
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48 Rempart Kipdorp, Anvers. 


Saint-Paul-de-Sincay Gaston, Ad- 
ministrateur-Directeur-General de 
la Sté. Ame de la Vicille Mon- 
tagne a Angleur. 

Savage Hugh, Ingénieur-Bibliothécaire 
de la Société Cockerill a Seraing. 


Section Liégeoise de 1’Association 
des ingénieurs sortie de l’Ecole de 
Liége, 16 Quai del’Université, Liege. 

Simont, Administrateur-Délégué des 
Forges de et a Clabecq. 

Société Anonyme de Constructions 
la Brugeoise, 39 Rue de la Charité 
a Bruxelles. 

Société Anonyme des Ateliers Paris 
a Marchienne-au-Pont, 

Société Anonyme des Produits a 
Flénu. 

Société Anoynme des Usines et 
Aciéries de Thy-le-Chateau a Mar- 
cinelle. 


5 Société Anonyme Meétallurgique de 


l’Espérance-Longdoz a4 Liege. 


Société Anonyme des Ateliers Ger- 
main a Monceau-sur-Sambre. 


Société Belge des Ingénieurs et des 
Industriels, 3 Rue Ravenstein, 
Bruxelles, 


Solvay Ernest, Industriel, 43 Rue 
des Champs Elysées, Bruxelles. 


Spée, Directeur des chemins de fer 
économiques, 33 Rue de 1|’'Industrie 
a Bruxelles. 


Springer Cornélis, Directeur-Gérant 
des Ateliers J, J. Gilain a Tirle- 
mont. 


Thirionet Léon, Ingénieur en Chef, 
Directeur, Chemins de fer de 1’Etat 
Belge, 4 Rue verte a Woluve-St, 
Pietre; 

Rue van Monckhoven. 


Tonneau Emile, Chef de Service des 
Aciéries de la Société Cockerill a 
Seraing. 

Trasenster Emile, Ingénieur des 
Mines, 30Boulevard Piercot a Liege. 


Trasenster Gustave, Directeur général 
de la Sté. Ame. Ougrée-Marihaye 
a Ougrée. 


Belgique — Belgien — Belgium. 


75 Van Bogaert, Ingénieur en Chef 
Chemins de fer Etat-Belge, 88 Rue 
Wilson,, Bruxelles, 

Van Drunen James, Ingénieur, Pro- 
fesseur a l’Université de Bruxelles, 
9 Rue des Champs Elysées, Bru- 
xelles. 

Vasselot Pierre Marquet de, Ingénieur, 
Directeur-Général des Usines d’Au- 
tomobiles Pipe, 61 Rue de la 
Clinique a Bruxelles. 

Vertongen Charles, Administrateur- 
Délégué des Usines Vertongen et 
Co, a Termonde. 


76 


ies 


79 Voituron. A., Architecte, Surveillant 
des Batiments-Civils 91, Rue Louis 
Hap. a Bruxelles, 


80 Warocqué Raoul, Industriel et Dé- 
puté a Mariemont. 


81 Watrin Oscar, Ingénieur entrepreneur, 
99 Rue Hotel de la Monnaie, Bru- 
xelles; 


82 Wigny Charles, Chef de Service 
des Trains-Montés de la Société 
Cockerill a Seraing. 


Brésil — Brasilien — Brazil. 


Corthell, E. L., Civil Engineer,58 Ave- 
nida Central, Rio de Janeiro. 

DaSilvaFreira, V.,Professeur a l’Ecole 
Polytechnique de S. Paulo, Ingé- 
nieur Civil P. O. Box 18, S. Paulo, 


3 Schulmann, Heinrich, Professeur a 

| l’Ecole Polytechnique de S, Paulo. 

4. Sonza de Paula, Dr. Antonio F., 

| Directeure de l’Ecole Polytechnique 
de S. Paulo. 


Canada. 


De Cew, J. A., Consulting Chemical 
Preineer, . sun Life ~ Building, 
Montreal, Canada. 

Giroux Gustave, Inspector of Ma- 
terials Canadian Pacific Railway 
Company, Montreal, P. Q. Canada, 
1101 East Craig Street. 

Griffiths, T. S., General Manager, 
Canadian Inspection Company, 204 
‘St. James Street, Montreal, Can, 

Hersey, Milton L., City and Pro- 
vincial Analyst, Montreal, Canada, 
171 St, James Street. 


5 Perley, George E., Cement Expert, 
Department of Public Works, Ot- 
tawa, Canada. 

6 Scott, William F., Structural Engi- 
neer, Aberdeen Chambers, Toronto, 


Cam 
7 Stansfield, Alfred, Professor of 
Metallurgy McGill University, 


Montreal, Canada. 


8 Zuercher, Max A., Assistant Engineer 
C. P. R, Bordeaux, P. Q., Canada, 


Chili — Chili — Chile. 


1 Hawxhurst, Robert, General Manager, 
Poderosa Mining Company, P, O. 
Box 855 Antofagasta, Chile, 

2 Koning, Ch., Professeur a l'Université, 
Santiago, Casilla 1120. 


3 Mourgues, Dr, Luis E., Fundador y 
Director del Laboratorio Quimico 
y Oficina de Ensayes é Informa- 
ciones Técnicas, Valparaiso, Casilla 


del Correo 1500. 


12 


13 
14 


15 


Danemark — Danemark — Denmark. 


Aarhuser Hafenverwaltung, Aarhus, 
Aarhuser technische Schule, Aarhus. 
Vertréten: 


Paulli, Hauptmann, Vorstand der 
Schule. 


AhlImann, N., Ingenieur, Kopenhagen 
V, Vesterbrogade 116. 


Akademischer Architektenverein, 
Kopenhagen B, Helgolandsgade 5, 

Aktiengesellschaft Atlas, Maschinen- 
fabrik, Eisengieferei und Kessel- 
schmiede, Kopenhagen L, Norre- 
brogade 198. 

Aktiengesellschaft Aalborg Portiland- 
Zement-Fabrik, Aalborg. 

Aktieselskabet Burmeister & Wain’s 
Maskin og Skibsbyggeri, Kopen- 
hagen C, 

Aktiengesellschaft Frederiksholms 
Tegl- og Kalkveerker, Kopenhagen 
K, Ved Stranden 6. 

Aktiengeselischaft Helsingoérs Eisen- 
schiff- und Maschinenbauanstalt, 
Helsingor, 

Aktiengesellschaft , Nordische Kabel- 
u. Drahtfabriken“, Kopenhagen F, 
Fabrikvej. 

Aktiengesellschaft ,Scandia“ 
(Wagenfabrik), Randers. 

Aktiengesellschaft Smith, Mygind & 
Huttemeier, Kopenhagen N, Norre- 
brogade 68. 

Aktiengesellschaft Titan, Koefoed, 
Hauberg, Marstrand & Helweg, 
Maschinenfabrik, EisengieSerei und 
Elektrizitatswerk, Kopenhagen L, 
Tagensvej. 

Arboe, O. H.,  Ingenieur, 
hagen K, Vestergade 33. 

Arentz, Direktor der Aktiengesellschaft 
Kbhvns. Flydedok og Skibsveerft, 
Kopenhagen C. 


Association des tuileries danoises. 
Delegué: 

Schou, V., Président de l’Associa- 

tion, Antvorskov pr. Slagelse, 


Kopen- 


24 


16 Bahnabteilung der kgl. danischen 
Staatsbahnen, Kopenhagen B, 
Gl, Kongevej 1. 

17 Berg, D., Direktor der Aalborg Port- 

land-Zement-Fabrik, Aalborg. 

18 Boje, Hans Fr., Ingenieur, Kopen- 

hagen V, Forchhammersvej 22, 

19 Bonde, H. P., Ingenieur, Stengaards 
Allé 31, Hellerup. 

Bureau des Kopenhagener Stadt- 
ingenieurs, Kopenhagen B, Raad- 
huset. 

Burmeister, Hans, Ingenieur, Kopen- 
hagen O, Kristianiagade 8. 

Bruyn, de, Regierungs- und Baurat, 
Charlottenlund, 

Christensen, Fr., V. Steins analyt.- 
chem, Laboratorium, Kopenhagenk, 
Norrevoldgade 12, 

24 Christiani & Nielsen, Ingenieure, 
Kébenhavn, Aarhus, Hamburg, 
Cohen, Vald., Ingenieur, Vester- 
Boulevard 87, Kopenhagen B. 

Danische Staatsprifungsanstalt, 
Kopenhagen O, Malmégade 7. 

Verirnere re 


20 


21 
22 
23 


25 


26 Hannover, H. I,, Professor der kgl. 
technischen Hochschule, Direk- 
tor der Staatsprifungsanstalt. 
27 Mayntz Petersen, Stellvertretender 
Direktor der Staatsprifungs- 
anstalt. 
28 Danmarks geologiske Under- 
sdégelse, KjSbenhavn, Aabenraa 34. 

29 Dansk Ingenidrforening (Verein 
danischer Ingenieure), Kopen 
hagen K, Amaliegade 38. 

30 Davidsen, M., Ingenieur, Hellerup, 
Bengtasvej, 

31 Den Ankerske Marmor Forretning, 


Kopenhagen O, Frihavnen. 

Den tekniske Forening (Der tech- 
nische Verein), Kopenhagen V, 
Steenstrups Alle 5. 

Der Konstrukteurverein. 

Vertreter 
Wiehe, J., vorm. Betriebschef, 
Winkelvej 19, Kopenhagen V. 


32 


33 


34 


35 


36 


37 
38 


39 


40 
41 


42 
43 


44 
45 
46 


47 
48 
49 


50 


51 


Danemark — Danemark — Denmark. 


Detlefsen & Meyer’s anal. kem. 
Laborator, Kopenhagen K, Admi- 
ralgade 24. 

Die Schule der technischen Gesell- 
schaft in Kopenhagen, Kopen- 
hagen K, Ahlefeldtsgade 2. 

Die Schule der technischen Gesell- 
schaft f. Maschinenkonstrukteure 
u. Elektrotechniker, Kopenhagen 
N, Prinsesse Charlottegade 38. 


Vertreter: ~ 
Jensen, Vald., Vorstand. 


Elektrotechnischer Verein. 
Vertreter: 


Prior, H. P., Direktor, Charlotten- 
Jund, 

Emanuel Jensen, Fabrikant og Entre- 
prenor for Jcernbetonkonstruk - 
tioner, Kopenhagen F, Godthaabs- 
vej 90. 

Engelhart, Chr., Ingenieur, Hellerup, 
Callisensvej 40, 

Feilberg, P., Inspektor, Séborg pr. 
Esrom. 

Fischer-MOller, Abteilungsingenieur 
der danischen Statsprifungsanstalt, 
Ny-Holte. 

Folke-Rasmussen, Ingenieur, Mon- 
radsvej 15, Kopenhagen F, 

Foss, Alex., Ingenieur, Prasident des 
Intern. Verb, fiir die Material- 
prufungen der Technik, Mitinhaber 
Meperima. FL. Ssmidth. & Co., 
Kopenhagen K,. 

Frederiksberg, technische Verwal- 
tung von, Kopenhagen V, Mynsters- 
vej 5. 


Frederiksberg Sporvejs- og Elektri- 
citets -Aktieselkab, Kopenhagen, 
V, Hortensiavej. 


Frich’s Efterfélgere, S., Maschinen- 
fabrik, Eisen- und Metallgieferei, 
Aarhus. 

Frydenlund, J N.S., Ingenieur, Kopen- 
hagen F, Godthaabsvej 77. 


Gottlieb, C., Director, Skandsepalceet, 
Aarhus. 

Gregersen, Gunnar, Direktor 
technologischen Instituts, 
hagen V, Harsdorffsvej 12. 

Grofie nordische Telegraphen-Aktien- 
gesellschaft, Kopenhagen K, Kon- 
gens Nytorv. 

Griiner, Th., Generalmajor, Bryghus- 
gade 2, Kébenhavn, K, 


des 
Kopen- 


52 
53 


54 


55 


56 


57 
58 


59 
60 
61 


62 
63 


64 
65 


66 
67 


68 


69 


70 
71 


72 
73 


74 
75 
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Grut, T., Hauptmann i, kgl. Genie- 
korps, Vejlesévej, Holte. 

Hagemann, G. A., Direktor der kel. 
technischen Hochschule, Kopen- 
hagen K, Bredgade 51, 

Hannover, H. I., Professor der kgl, 
technischen Hochschule, Direktor 
der Staatsprifungsanstalt, Kopen- 
hagen O, Malmégade 9. 

Hedemann, C. G. H., Hauptmann, 
Vorstand des Bauwesens der kgl, 
Marine, Charlottenlund, Sévej 15. 

Hellesens Enke & V. Ludvigsen, 
Kopenhagen Str., Aldersrogade 6. 

Hoeg, N., Stadtingenieur, Aalborg, 

Holm, Arvid, Ingenieur, Kopenhagen V, 
Schlegels Alle 1. 

Holm. Hans C., Director, Kopenhagen, 
K, Vestergade 2, 

Hoppe, V., Entrepreneur, 
hagen V, Rolighedsvej 21. 

Industrieforeningen (Der Industrie- 
verein), Kopenhagen B, Vester- 
brogade. 

Ingenidrkorpset, Kjébenhavn 
Frederiksholmskanal 30. 

Irminger, Betriebschef, Kopenhagen O., 
Ostre Gasveerk. 

Jacob Holm & Sénner, KjébenhavnC. 

Jarl, C. F., Ingenieur, Direktor, 
Kopenhagen O, Ostbanegade 29. 

Jorgensen, P., Motorenfabrik, Kopen- 
hagen L, Bragesgade 10. 

Juul, V. A., Director der Bahnab- 
teilung der danischen Staatsbahnen, 
Kopenhagen V, Rabeks Alle 32,_ 

Kahler, G., Ingenieur, Kopenhagen O, 
Livjagergade 30. 

Karsten, A. C., Abteilungsingenieur, 
Kopenhagen O, Gl. Kalkbrcenderi- 
vej 5. 

Kgl. techn. Hochschule, Kopenhagen 
K, Sdlvtorvet, 

Kopenhagener Asphaltkompagnie, 
Kopenhagen V, Kongens Enghave. 

Kopenhagener elektrische Strafien- 
bahnen A. G., Kopenhagen K, 
Kristiansgade 1, 

Mentceter: 
Angelo, Ingenieur, Director. 

Kopenhagener Feuerwehr, Kopen- 
hagen B, Vester Voldgade 80. 

Kopenhagener Hafenverwaltung, 
Kopenhagen K, Toldboden. 

Kopenhagener Telephon-Aktienge- 
sellschaft, Kopenhagen K, Jorcks 
Passage. 


Kopen- 


K 


, 


76 


aa 


78 


79 
80 
81 
82 


83 


84 


94 
95 


Danemark — Danemark — Denmark. 


Krog, Fr. A., Direktor der Aktien- 
gesellschaft Frederiksberg Eisen- 
gieBerei ound Maschinenfabrik, 
Kopenhagen F, Falkoneralle 42 

Larsen, Poul, Ingenieur, i. Firma 
F. L. Smidth & Co., Kopenhagen K, 
Vestergade 83 und New York 50, 
Church Street, City. 

Lolland-Falstersche Eisenbahngesell- 
schaft, Kopenhagen K, Kristians- 
gade 1. 

Lorenz, G., Hafeningenieur, 
hagen K, Amaliegade 28. 

Ludvigsen & Hermann, Eisengieferei, 
Kopenhagen N, Norrebrogade 39. 

Lundbye, A., Ingenieur, Kopenhagen 
O, Classensgade 13. 

Lutz-Petersen, Entrepreneur, Kopen- 
hagen, V, Rolighedsvej 21. 


Marineministerium, kgl. dan. 
Vettireter: 
Tuxen, J. C., Direktor des Schiff- 
baues und Maschinenwesens am 
kel, Marinewerft, Kopenhagen C. 
Marstrand, Burgermeister, Ved Glyp- 
totheket, Kopenhagen B. 


Maschinenabteilung der kgl. Da- 
nischen Staatsbahnen, Kopen- 
hagen B, Gl, Kongevej 1. 

Vertreter: 
Busse, O., Direktor der Abtheilung 
(Betriebsmittel u.Zugférderung). 
Sabye, Chr., Bureauchef der 
Maschinenabteilung der kgl. dan, 
Staatsbahnen, Kopenhagen B. 
Jacobsen, A., Ingenieur, Chemiker 
der kgl. dan. Staatsbahnen, 
Kopenhagen B. 

Meyer, Fr. V., Zivilingenieur, Kopen- 
hagen O, J. E, Ohlsensgade 19. 
Mogensen, Emil, Ingenieur, Kopen- 

hagen S, Tingvej 69. 

Monberg, N. C., Ingenieur und Entre- 
preneur, Kopenhagen O, Kristiania- 
gade 19. 

Moller, H. C. V., Hafenbaudirector, 
Kopenhagen O, Osterbrogade 62. 

Moller, J P. A., Direktor der Portland- 
zementfabrik ,Dania*, Hobro. 

Moller, J.S,, Direktor d, Aktiengesell- 
schaft d.vereinigtenWattenfabriken, 
Kopenhagen V, Bulowsvej 12, 

Munch-Petersen, Ingenieur, Kopen- 
hagen V, Henrik Steffensvej 5. 

Munck, P. G,, Kaufmann, Kopenhagen 
K, Vestergade 16, 


Kopen- 
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99 


100 
101 


102 
103 


104 
105 


106 
107 
108 
109 


110 


Wel 
112 


113 


114 
115 


116 


Miinter,B.,Commandeur,Kopenhagen, 
Bredgade 34, 

Nielsen, N., Ingenieur, Hellerup, Fre- 
derikkevej 14. 

Nobel, O. K., Abteilungsingenieur, 
Kopenhagen, K, Gyldenlévesgade 4, 

Nyeboe & Nissen, Ingenieure, Kopen- 
hagen K, Raadhuspladsen 387. 


Olsen, Constantin, Steinmetzmeister, 
Kopenhagen N, Gartnergade 14. 
Olsen, L. F., Steinmetzmeister, Granit- 
werke, Kopenhagen N, Gartner- 

gade 14. 

Ostasiatische Kompagnie A. G., 
Kopenhagen K, Holbergsgade 2, 

Ostenfeld, A., Professor der kgl. 
technischen Hochschule, Kopen- 
hagen F, Kronprindsensvej 24. 

Ost-Seelandische Eisenbahngesell- 

__ schaft, Haarlev 

Ollgaard, F., Direktor des Kopen- 
hagener Wasserwerkes. Kopen- 
hagen B. 

Paulli, H., Ingenieur, Kopenhagen O, 
Skjoldsgade 11. 

Pedersen, Carsten, Ingenieur, Kopen- 
hagen K, Vestergade 38. 

Pedersen, P. O., Ingenieur, Kopen- 
hagen V, Amalievej 1. 

Petersen, A. G, V., Hauptmann des 
kgl. dan. Geniekorps, Sekretar des 
Ingenieurvereines, Kopenhagen O, 
Trianglen 2. 

Petersen Axel, Erhard, Architekt, 
Hellerup, Duntzfeldts Alle 16. 

Petersen, Oscar, Eisenbahnbetriebs- 
chef, Lemvig, 

Petersen, Philip, Ingenieur, Kopen- 
hagen V, Schlegels Alle 6. 


Portlandzement-Fabrik , Danmark* 
A. G., Aalborg. 


Vertreter: 


Boeck Hansen, A., Betriebschef, 
Aalborg, 


Portlandzement-Fabrik Norden“ 
A. G., Aalborg. 

Poulsen, A., Abteilungsingenieur, 
d. kgl. din. Wasserbau- u, Diinen- 
wesens, Lemvig, 


Priifungsanstalt der kgl. danischen 
Artillerie. 
Vertte lege 
Ovesen, O. K., Premierlieutnant, 
Vorstand der Anstalt, Kopen- 
hagen C, Refshalevej. 


127 
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137 


138 


Danemark — Danemark — Denmark. 


Ramsing, Chr., Ingenieur, Professor, 
Kopenhagen K, Tordenkjolds- 
gade 11. 

Rasmussen, Vilhelm,  Ingenieur, 
Kopenhagen V, Vodrofsplads 16. 
Riisager, E. Zivilingenieur, Kopen- 

hagen F, Frederiksberg Bredegade 5. 

Sardemann, Ingenieur, Aarhus 

Schaffer, Ingenieur der Firma F, L. 
Smidth & Co., Kopenhagen K, 
Vestergade 33. ; 


Schidller, K., Ingenieur, Kopen- 
hagen V, Vodroffsvej 46. 
Schjerbeck, E. O., Abteilungsin- 


genieur der danischen Staatspru- 
fungsanstalt, Kopenhagen O, Bleg- 
damsvej 114. 

Seemann, F., V., Oberbahningenieur 
der kgl, dan. Staatsbahnen, Kopen- 
hagen V, Kochsvej. 13. 

Seifert, Carl, Schlossermeister, Kopen- 
hagen K, Badstuestrade 18. 

Simonsen, S.H.,Banquier, Vorstands- 
mitglied der Gesellschaft fur 
Naturkunde, Kopenhagen K, Kob- 
magergade 14. 

Simonsen,Cand.polyt,,Kopenhagen K, 
Kkébmagergade 14, 

Smidth, F. L. & Co., Ingenieure, 
Kopenhagen K, Vestergade 33. 

Skovshoved Elektrizitatswerk. 

Nerireter: 
Faber, S. A., Director, Hellerup, 
Strandvej 163 B. 

Steenstrup, H., Ingenieur, Kristhus, 
Aalborg. 

Stenbj6rn, Holger, E., Ingenieur, 
Kopenhagen, V., Rahbeks Allé 32, 

Suenson, E., Professor d, Baumateria- 
lienkunde an der kgl. technischen 

_ Hochschule, Kopenhagen F, C. F, 
Richsvej 44. 

Siidfiinensche Eisenbahngesell- 
schaft, Odense. 

Staatsbahnneuanlagen, kgl. dan, 
Kopenhagen B, Gl. Kongevej 1 E. 

Steenberg, N., Professor derkgl. techn. 
Hochschule, Président des dan. 
Ingenieurvereins, Kopenhagen C, 
Strandgade 22. 

Struers Laboratorium, H., Kopen- 
hagen K, Skindergade 38, 

Technische Staatskontrolle mit den 
Privatbahnanlagen, KopenhagenV, 
Stenosgade, 

Telegraphen-Direktorat, kgl. dan., 
Kopenhagen B, Vesterbrogade 40, 


27 
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140 
141 


142 
143 
144 


145 


146 


147 


The Reck Heating Company, Ltd., 
Copenhagen L, Esromgade, 

Tvede, G,, Architekt, Kopenhagen K, 
Nybrogade 18. 

Ulrich, H., Oberstlieutenant i Inge- 
norkorpset, Kopenhagen, O, Rosen- 
veengets Hoved Alle 27, 

Vacuum Oil Company, Kopenhagen 
Skoubogade 1. 


Vertreter: 


Michaelsen, Ernst,Generaldirektor, 
Svanholm, Th. A., Director, 

Valentiner, G. C., Ingenieur, Kopen- 
hagen V, Schlegels Allé 3. 

Vang, Niels, Ingenieur, Kopenhagen 
K, Havnegade 3. 

Verein der Fabrikanten der Eisen- 
industrie in Kopenhagen, Kopen- 
hagen K, Nérrevoldgade 30, 

Merireter: 


Hauberg, S. C., Direktor der 
Aktiengesellschaft Titan, Koe- 
foed, Hauberg, Marstrand & 
Helweg. 

Verein der Fabrikanten der Eisen- 
industrie in den danischen Pro- 
vinzen. 

Vertreter: 


Jens Lange,  Fabrikbesitzer, 


Svendborg, 


Verein der Stadt- 
ingenieure. 
Vertreter : 
Héeg, N., Stadtingenieur, 
borg, 

Wasserbau-Direktorat, kgl. dan., 
Kopenhagen V, Vesterbrogade 67. 

Wedege, Séren, Buchdruckereibes., 
Vorsteher der Banknotendruckerei 
der Nationalbank, Kopenhagen K, 
Walkendorfsgade 7. 

Wendelbo-Madsen, Architekt, Kopen- 
hagen K, Nytorv 3. 

Wienberg, F., Maschinenfabrik, 
Kopenhagen F, Finsensvej 29. 
Windfeld-Hansen, J., Director des 
Beleuchtungswesens, Kopenhagen, 

O, Stockholmsgade 43. 

Winsléw, Ingenieur, Direktor der 
Frederiksberg Sporvejs og Elektri- 
citets-Aktieselskab, Kopenhagen F, 
Dr, Olgasvej 12. 

Wolfhagen, Ingenieur der kgl, dan. 
Staatsbahnen, Kopenhagen  V, 
Bulowsvej 44. 


und Hafen- 


Aal- 
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Espagne — Spanien — Spain. 


Academia de Ingenieros, del Ejercito. 

Angel Patitio (L.), Capitaine du Génie, 
au Laboratoire du Génie Militaire- 
Ronda Conde-Duque 2, Madrid. 

Ballesteros Gimeno (F.), Lieutenant | 
Colonel du Génie, Chef des études 
de l’Ecole du Génie Militaire, 
Guadalajara. 

Bertran, M., Architecte, Professeur a 
Ecole d’Architecture de Barce- 
lonne, Canuda 4, Barcelonne, 

Camina, (Luis) Ingénieur aux travaux 
du port de Bilbao, Calle de Bailen 9, 
Bilbao. 

Carderera y Ponzan (M.), Ingeniero, 
Profesor de la Escuela de Caminos, 
Arquitecto, Madrid, Moreto 1 pral. 

Correal Ubeda (J.), Pharmacien Mili- 
taire, Royal Conseil de. Santé, 
Madrid, Claudio Coello 60. 

De la Liave, (T.), Colonel du génie; 
Madrid, Sn. Juan, 58. 

Ecole du Génie Militaire, Guadalajara, 

Escuela de Ingenieros de Caminos, 
Canales y Puertos, Calle de 
Alfonso XII, Madrid (Etabl. du 
gouvernement espagnol). 

Gallego (E.), Capitaine du Génie, 
Directeur de ,La Construccion 
Moderna‘, Madrid, Plaza Isabel 
2a — 5, 

Gallego Liausas, Architecte, Madrid, 
S. Bernardo 2. 

Galvez-Canero (A.), Ingénieur des 
Mines; Madrid, Alfonso XII—46. 
Galvez-Cafiero (J.), Ingénieur des 
Ponts et Chaussées; Madrid, 

Claudio Coello 50. 

Laboratoire du Génie Militaire pour 
les Essais des Matériaux, Madrid, 
Ronda del Conde-Duque 2, 


16 Marva y Mayer, (J.), general du génie, 
Chef de Section au Ministere de 


la Guerre, de l’Académie Royale 
des Sciences exactes, physiques 
et naturelles, Madrid, 2 Ronda 


Conde Duque. 
17 Mendez de Vigo,(J.) Ingénieur des Ponts 
et Chaussées; Madrid, Turco 13. 


18 Mier y Miura, (Ed.), lieuten.-colonel 
du Génie Ingénieur-Géographe de 
la Royale Académie des Sciences 
exactes, physiques et naturelles de 
Madrid, Calle de las Infantas 32, 


19 Montoto, (R.), Capitaine du génie du 
Laboratoire du génie; Madrid, 
Laboratoire du génie 2, Ronda 
Conde Duque, 

20 Moreno y Gil de Borja, (Rafael), 
lieut,-colonel. sous- directeur du 
laboratoire d’essai des matériaux, 
Madrid, Plaza Sto. Domingo 14, 

21 Musée et Bibliotheque du Génie 


Militaire, Madrid, Martires de 
Alcala. 

22 Oliver (Bienvenido), Ingénieur des 
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217 Russell, Ernest John, Architect, Philadelphia, Pa, 

St. Louis, Mo., Chemical Building. | 234 itt Bhee eens the bene 
; M ore an ichigan Southern Rail- 

218 his ae oe ae eo Teele way Company, 80 Knowles Street, 

ee oe oP East Cleveland, .Ohio. 

219 Sauveur, Albert, Protessor of | 935 Snow, J. P., Bridge Engineer, Boston 
Metallurgy, Harvard University, and Maine Railroad, Boston, Mass. 
Manager, Boston Testing Labora- | For Mail: 58 Chandler Street, West 
tories, Rotch Building, Harvard Somerville, Mass. 

University, Cambridge, Mass. 236 Sommer, Albert, Dr., Consulting 

220 Scheidel, A., Managing Direktor Chemist, 17 Battery Place, New York, 
The Commonwealth Portland Ce- Noo Ys 
ment Comp. Mutual Life of New | 237 Soper, Ellis, Superintendent, Dixie 
York Building, Martinplace, Sydney, Portland Cement Company, 1110 
Australia. Jord Building Detroit, Mich. 

221 Schmittt, F. E., Associate Editor, 938 Souther, Henry, Consulting Me- 
The Engineering News, New York, tallurgical Engineer, State Chemist, 

_ N. Y¥., 220 Broadway, 440 Capitol Avenue, Hartford, 

222 Schniewind, F., Consulting Chemi- Conn, 
cal Engineer, Vice-President, The | 239 Spackmann, Henry S., Engineering 
United Coke and Gas Comp., New | Company, 42 North Sixteenth 
York, N. Y., 17 Battery Place. Street, Philadelphia, Pa. 
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United States of America, 


240 Spencer, Herbert, Road Oil Depart- 
ment, Standard Oil Company, 26 
Broadway, New York, N. Y. 

Standard Steel Works, A,A. Steven- 
son, Superintendent, Burnham, Pa. 

Stanger, R. H. Harry, Consulting 
Engineer, Testing Works and Che- 
mical Laboratories, 2 Broadway, 
Westminster, London, S, W., Engl. 

Stattelmann, G. R., 37 West 
Washington Street, Dayton, Ohio. 

Stevenson, A. A., Vice President, 
Standard Steel Works Company, 
Harrison Building, Philadelphia, Pa 

Stillman, Thomas B., Professor of 
Chemistry, Stevens Institute of 
Technology, Hoboken, N, J. 

Stoughton, Bradley, Adjunct Pro- 
fessor of Metallurgy and Consul- 
ting Metallurgist, Columbia, Uni- 
versity, New York, N. Y. 

Strobel, Charles, Consulting Engi- 
neer, 1744 Monadnock Block, 
Chicago, III, 

Stuez, E., Vice-President and Trea- 
surer, The Goldschmidt Thermit 
Comp., 90 West Street, New York, 
Nawal 

Swain, George F., Professor of Civil 
Engineering, Massachusetts Insti- 
tute of Technology, Boston, Mass. 


Swanberg, F. L., Secretary, The 
D. T. Williams Va'‘ve Company, 
904-910 Broadway, Cincinnati, O. 


Swenson, P. M., Superintendent of 
Bridges and Buildings, Minnea- 
polis, St. Paul and Sault Sainte 
Marie Railway Company, Shore- 
ham Shops, Minneapolis, Minn. 

Swensson,Emil,Consulting Engineer, 
Frick Building, Pittsburg, Pa. 


Taber, George H., General Manager, 
Gulf Refining Company, Frick 
Building, Pittsburg, Pa, 

Talbot, Arthur N., Professor of 
Municipal and Sanitary Engineering 
Universrty of Illinois, Urbana, Ill. 


Technischer Verein ,,New York“, 
Carl Kaelble, Secretary, Room 719, 
Engineering Building, 29 West 
Thirtyninth Street, New York, N. Y. 

Technischer Verein, Pittsburg, 
Gustav A. Stielrin, Secretary, 166 
Robinson Street, Pittsburg, Pa. 
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257 Thomas, A. R., Commonwealth Steel 
Comp., St. Louis, Mo. 

258 Thomas, David, Logan Iron and 
Steel Company, Burnham, Pa. 


259 Thompson, Gustave W., Chemist, 
National Lead Company, 129 York 
Street, Brooklin, N. Y. ; 

260 Thompson, Hugh L., Consulting 
Engineer, Waterbury, Conn. 


261 Thompson, John Fairfield, The Ox- 
ford Copper Company, Chief of 
Testing Department, New-Brighton, 
Staten Island, N, Y. 


262 Thompson, Sanford E., Civil En- 
gineer, Newton Highlands, Mass, 


263 Toch Maximilian, Paint Manufactu- 
rer, 320 Fifth Avenue, New York, 
5 Be 

264 Trautwiene, John C., Jr., Civil En- 
gineer, 257 South Fourth Street, 
Philadelphia, Pa. 

265 Trist, N. B., Assistant to Vice-Pre- 
sident, The Schoen Steel Wheel 
Company, Box 1212, Pittsburg, Pa. 


266 Tucker, Herman Franklin, Designing 
Engineer, Culebra, Canal Zone, 

267 Turner, Henry C., President, Turner 
Construction Company, 11 Broad- 
way, New York, N. Y, 

268 Turneaure, F. E., Dean of the College 
of Mechanics and Engineering, 
University of Wisconsin, Madison, 


Wis. 
269 Van Ornum, J. L., Professor of 
Civil Engineering, Washington 


University, St. Louis, Mo. 

270 Von Ammon, S., Consulting Engi- 
neer, Oswaldestre House, Norfolk 
Street, Strand, London, W. C, 
England, 

271 Vredenburgh, Watson, Jr., Member, 
Hildreth and Company, Engineers, 
50 Broadway, New York, N. Y. 

272 Wachter, Charles Lucas, Assistant 
Engineer Lidgerwood Manufacturing 
Comp. 96 Liberty Street, New York, 
N. oY, 

273 Wagner, Samuel Tobias, Assistant 
Engineer, Philadelphia and Reading 
Railway, Huntingdon Street Station, 
Philadelphia, Pa. 

274 Walker, Joseph F., Chemist, Cle- 
ments and Son Company, 1066 
Drexel Building, Philadelphia, Pa. 
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275 Walker, William H., Professor of 
Industrial Chemistry,Massasuchetts 
Institute of Technology, 24 Trinity 
Place, Boston, Mass, 

276 Wallace, E. C., Post Office Box 241, 
East Auburn, Cal, 

277 Walter, Lee W., Cement Inspector, 
Erie Railroad, Ninth and Provost 
Streets, Jersey City, N J. 

278 Webster, George S., Chief Engineer 
and Surveyor, Bureau of Surveys, 
318 City Hall, Philadelphia, Pa. 

279 Webster, William R., Civil Engi- 
neer 411 Walnut Street, Phila- 
delphia, Pa. 

280 Weld, Harold Kenneth, Assistant 
to Material Engineer, Engineering 
Department, Chicago Telephone 
Company, 127 College Street, 
Elgin, III. 

281 Wemlinger, J. R., President, Wem- 
linger Steel Piling Company, 11 
Broadway, New York, N, Y. 

282 Whitehead, J. W. jr., Preservative 
Coatings, I. Madison Avenue, New 
Toten: .y, 
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283 Wing, Charles B., Professor of 
Structural Engineering, Stanford 
University, Cal. 

284 Wolfel, Paul L., Chief Engineer, 
Mc Clintic - Marshall Construction 

~ Company, Rankin, Pa. 

285 Wood and Company,R.D., Founders, 
Walter Wood, 400 Chestnut Street, 
Philadalphia, Pa. 


286 Wood, Walter, Cast-Iron Pipe 
Manufacturer, R. D. Wood and 
Company, 400 Chestnut Street, 


Philadelphia, Pa, 

287 Woolson, Ira H., Adjunct Professor 
of Mechanical Engineering, Columbia 
University, New York, N. Y. 

288 Worcester, JosephR.,J.R. Worcester 
and Company, 79 Milk Street, 
Boston, Mass. 


289 Wiman and Gordon Company, The, 
George F. Fuller, General Super- 
intendent and Secretary, Worcester, 
Mass. 

290 Young, W. W., Consulting Engineer 
220 Broadway, New York, N. Y. 
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Alexandre, P., Inspecteur général des 
Ponts et Chaussées, 18, rue Des- 
bordes-Valmore, Paris, XVIe. 

Anstett, Directeur du Laboratoire Muni- 
cipal d’Essais des Matériaux, 6, rue 
Scheelcher, Paris, XIVe. 

Arbel, P., Administrateur délégué des 
Etablissements Arbel et des Forges 
de Douai, 52, Boulevard Hauss- 
mann, Paris, [X¢, 

Armand, Ingénieur en Chef des Ponts 
et Chaussées, Lyon (Rhone). 
Association alsacienne des proprié- 
taires d’appareils a vapeur, 
6 et 8,Rue dela Bourse, Mulhouse, 


Baclé, L., Ingénieur, 57, rue de 
Chateaudun, Paris, IXe. 
Baire, G., Ingénieur de la Société des 


Ciments Frangais, 74, rue des Pipots, 
a Boulogne-sur-Mer (Pas-de-Calais). 

Bauchére, Directeur général de la 
Société des Ciments Frangais, 80, 
rue Taitbout, Paris, IX. 

Biard, Ingénieur principal du Matériel 
roulant a la Compagnie de 1’Est, 
168, rue Lafayette, Paris, Xe. 

Bied, Ingénieur, le Teil (Ardéche). 

Billy, de, Ingénieur des Mines, 6, rue 
Rembrandt, Paris, VIII¢. 


Blanchet, Ingénieur, 2, Place. du 
Théatre Frangais. Paris, Ier. 
Bodin Professeur a l’Ecole Centrale des 


Arts et Manufactures, 50, rue Saint- 
Ferdinand, Paris, XVlIle. 
Bonet, Ingénieur en chef de l’Associa- 
tion des propriétaires d’appareils 
a vapeur du nord de la France, 
11—18, rue Faidherbe, Lille (Nord). 
Boudouard, O., Docteur es-sciences, 87, 
rue Monge, Paris, V®, 
Boulongne, de, Ingénieur en chef des 
Ponts et Chaussées, Ingénieur en 
chef du Service central de la Voie 
a la Compagnie P. L. M., 18, rue 
Washington, Paris, VILeé. 
Bourdil, Ingénieur des Arts et Manu- 
factures, 29, rue Octave Feuillet, 
Paris, XVIe, 
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Bourry, E., Ingénieur des Arts et 
Manufactures, 87, rue du Rocher, 
Paris, VIIle. 

Breuil, Chef de la Section des essais de. 
métaux au laboratoire du Conserva- 
toire National des Arts et Meétiers, 
292, rue Saint-Martin, Paris, III¢. 

Caffin, Augustin, Licencier es-sciences, 
Ex-préparateur de chimie a l’Ecole 
Polytechnique, chimiste-expert, 10, 
rue Cadet. Paris, IX¢. 

Cambier, Ernest, Fabricant de ciment 
portland, a Pont-a-Vendin (Pas-de- 
Calais). 

Candlot, E., Fabricant de ciment port- 
land, 6, rue de Saint-Pétersbourg, 
Paris, VIIIe. ; 

Candlot, Charles, 6, rue de Saint- 
Pétersbourg, Paris, VIIIe. 

Carnot, A., Inspecteur général des 
Mines en retraite, Membre de 
l'Institut, 99, Boulevard Raspail, 
Paris, Vle, 

Carpentier, Ingénieur Constructeur, 
34, rue de Luxembourg, Paris, VI¢. 

Cartault, Ingénieur en chef du Materiel 
fixe et des approvisionnements de 
la voie a la Compagnie P,-L.-M., 
8, rue de Lyon, Paris, XIle. 

Cellerier, Directeur du laboratoire du 
Conservatoire National des Arts et 
Métiers, 292, rue Saint-Martin, 
Paris, IIe. 

Chabal, Ingénieur en chet du Matériel 
et de la Traction a la Compagnie 
P,-L.-M., 20, Boulevard Diderot, 
Paris, XIlIe, 

Charpy, G., Directeur des Usines 
Saint-Jacques, a Montlugon (Allier). 

Chesneau, Professeur a l’Ecole des 


Mines, 18, rue des Pyramides, 
Paris, [er, 

Cohade, Ingénieur aux Usines du 
Creusot, rue Saint-Henri, au 


Creusot (Sadne-et-Loire), 
Colomb, Directeur de l’Agence de la 

Societé Pavin de Lafarge, a Paris, 

49, rue de Provence, Paris, XIe¢. 
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Chemins de fer de 1’Etat; 
Beaugey, Ingénieur en chef des 


Mines, Directeur, 42, rue de 
Chateaudun, Paris, IXe, 
Bauér, Ingénieur en chef de 


l’entretion des voies et Batiments, 


6, Rue Rosa-Bonheur, Paris, 
XVe. 
Boell, Ingénieur en chef des 


Mines, Ingénieur en chef de la 
traction, 167, boulevard Males- 
herbes, Paris, XVIIe. 

Nadal, Ingénieur en chef des 
Ateliers et du matériel roulant, 
44, Rue de Rome, Paris, VIIIe. 

Parriche, chef du _ service des 
approvisionnement, généraux, 42, 
rue de Chateaudun, Paris, IXe. 

Perrier, Ingénieur en chef du ser- 
vice des Etudes et de la con- 
struction des lignes nouvelles, 
140, bouleRaspail, Paris, VIe. 

Regimbeau, Ingénieur en chef des 
travaux neufs des Voies et des 
Batiments, 49, Rue de Londres, 
Paris, IXe. 

Compagnie des 
des Forges et Aciéres 


Hauts - Fourneaux, 
de la 


Marine et d’Homécourt, Saint-! 


Chamond (Loire), 
Compagnie Nouvelle des Ciments 


Portland du Boulonnais, 2 bis. 
rue du Havre, Paris, [Xe. 
Compagnie Franco-Russe des 


Ciments Portland de Guelendjilk, 
60, rue de la Victoire, Paris, IXe. 

Compagnie des Forges de Chatillon, 
Commentry et Neuves-Maison, 
19 rue de la Rochefoucauld, Paris, 
bX. 

Compére, Ingénieur, Directeur de 
l’Association parisienne des pro- 
prietaires d’appareils a vapeur, 66, 
rue de Rome, Paris, VIIlIc. 

Comte, Capitaine du Génie, chef du 
service du laboratoire du Génie 
militaire 4 Boulogne-sur-Mer, (Pas- 
de-Calais) 62, rue ce Tivoli. 

Considére, Inspecteur général des Ponts 

' et Chaussées en retraite, 103, bou- 
levard Montparnasse, Paris, VIe. 

Conte, Ingénieur du Matériel et de la 
traction a la Compagnie d'Orléans, 
41, boulevard de la Gare, Paris. 
XIlle. 

Da silva Freire, Engenheiro Civil, 18, 
Caixa, Sad Paulo (Bresil), 
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Debray, ancien Ingénieur en chef des 
Ponts et Chaussées et ancien 
Professeur et Directeur des Labo- 
ratoires a l’Ecole des Ponts et 
Chaussées, 41, avenue Kléber, 
Paris, XVIe. 

Denis, H., Inspecteur du matériel 
roulant a la Compagnie de 1’Est, 
39, place Ducale, a Charleville 
(Ardennes). 

Desjuzeur, Directeur de l’Association 
lyonnaise des appareils a vapeur, 
37, cours du Midi, a Lyon (Rhone). 

Deslandres, Ingénieur des Ponts et 
Chaussées, 34, rue Hamelin. Paris, 
XVIe. 

Direction Générale des Travaux 
Publics desTunisie,Tunis (Tunisie). 

Deval, Directeur en retraite du labo- 
ratoire municipal d’essai des mate- 
riaux, 5, rue Brézin, Paris, XIVe. 

Dieudonné, Directeur de la Société 
des Ciments de Vassy, 66, rue de 
Bondy, Paris, X¢. 


Doniol, Ingénieur. des Ponts et 
Chaussées, a Lille (Nord), 
Dubosc, Directeur de la Cartoucherie 


des Bruyeres Sevres (Seine-et-Oise). 

Ducrocq, T., Ingénieur en Chef des 
Ponts et Chaussées, au Havre 
(Seine- nférieure). 

Dufresne, Ingénieur des Arts et Manu- 
factures, 19, rue Montrosier, Neuilly- 
sur-seine (Seine). 

Dumas, L., Secrétaire Général de la 
Société des Forges et aciéries du 
Nord et de l’Est, 24, rue de Turin, 
Paris, VIIIe. 

Dumur Ingénieur en chef des Ponts et 
Chaussées, Auch (Gers). 

Escalles, Directeur technique des 
Acicries de France, Isbergues (Pas- 
de-Calais). 

Feret, R.,, Chef du laboratoire des 
Ponts et Chaussées. a Boulogne- 
sur-Mer (Pas-de-Calais). 

Ficquet, Directeur de la Société des 
Ciments Portland Couronne, a 
Dannes (Pas-de-Calais), 

Fréminville, De, Ingénieur, 90, rue 
d’Assas, Paris, VIe. 

Fremont, Ch., Ingénieur civil, 124, 
rue de Ciignancourt, Paris XVII¢. 

Freyssinet, Ingenieur des Ponts et 
Chaussées, Moulins (Allier). 

Gandillot, i72, rue de la Pompe, Paris, 
XVIe. 
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Godard, Directeur des Trauvaux Pu- 
blics de l’Algérie, Alger (Algérie). 

Goupil, Ingénieur en chef des Ponts 
et Chaussées, 66, boulevard Emile 
Augier, Paris, XVI¢. 

Gruner, Secrétaire du Comite central 
des houilléres, 60, rue des Saints- 
Péres, Paris, VIIe. 

Guérard, Inspecteur a la Compagnie 


d’Orléans, 260, rue Saint-Jacques, 


Paris, Vé. 

Guérard, Inspecteur général des Ponts 
et Chaussées, 8, rue Picot, Paris, 
XVIe. 

Guillemin, G., Ingénieur métallurgiste, 
16, rue Du Sommerard, Paris, V°. 

Guillery, Ingénieur des Anciens Eta- 
blissements Cail, 839, rue du Grand- 
Bouddha, Hanoi (Tonkin). 

Guillet, Léon, Ingénieur des Arts et 
Manufactures, Docteur és-sciences, 
Professeur au ConservatoireNational 
des Arts et Métiers, 8, avenue des 
Ternes, Paris, XVII¢. 

Guillien, Directeur des Usines de la 
Société anonyme des Chaux et 
Ciment de Beffes, a Beffes (Cher). 

Guillot, Ingénieur des Ponts et 
Chaussées, a Condom (Gers). 

Haton de la Goupillicre, Inspecteur 
général des Mines en retraite, 
Membre de I'Institut, 56, rue de 
Vaugirard, Paris, VI¢. 

Herscher, Ingénieur des Mines, 20, 
boulevard Diderot, Paris, XII¢. 
Huillier, F., Ingénieur principal du 
matériel des Chemins de fer de 
VEtat 44, rue de Rome, Paris, VIII¢. 

Joly, De, Ingénieur en chef des Ponts 
et Chaussées, 43, avenue du Tro- 
cadéro, Paris, XVI¢. 

Keechlin, Ingénieur principal des 
ateliers de machines de la Chapelle 
et d’Hellemmes, Compagnie du Nord, 
78, rue des Poissonniers, Paris, 
XVIile. 

Klein, L., Chef de l’atelier d’Essais 
de l’Ecole des Ponts et Chaussées, 
en retraite, 10, rue Camou, Paris, 
Vile. 

Krebs, Etablissements Panhard et Le- 
vassor, 19, avenue d’lvry, Paris, 
XIlle. 

Lambert, De, 70, cours Vittov, Lyon 
(Rhone). 

Langlois, Fabricant de ciment, 19, 
boulevard Bourdon, Paris, IV. 
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88 Lariviére, P., Ingénieur civil des 
Mines, Commission des ardoisiéres 
d’Angers (Lariviere et Compagnie), 
170, quai de Jemmapes, Paris, X°. 

Lavocat,Ch.,Fabricant de ciments Port- 
land, a Neufchatel (Pas-de-Calais). 

Laurent, Ingénieur des Mines, 19, rue 
de Bourgogne, Paris, VII¢. 

Le Blant, E., Ingénieur a la Com- 
pagnie des Ghemins de fer de 1’Est, 
19, rue Lord-Byron, VIIIe. 

Le Chatelier, Henry, Inspecteur général 
des Mines, Membre de l'Institut, 
73, rue Notre Dame-des-Champs, 
Paris, VI¢e. 

Le Chatelier, Alfred, Ingénieur, 61, 
avenue Victor-Hugo, Paris, XVIe. 

94 Le Chatelier, Charles, Ingénieur civil 
des Mines, Société frangaise de 
Constructions mécaniques, 39, rue 
Barathon, Montlugon (Allier). 

Le Chatelier, André, Ingénieur en chef 
des Constructions Navales, 331, rue 
de Paradis, a Marseille (Bouches- 
du-Rh6ne). 

Le Chatelier, Louis, Ingénieur en chef 
des Ponts et Chaussées, Président 
du Conseil d’Administration de la 
Société francaise de Constructions 
Mécaniques, 7, rue du Regard, 
Paris, VIe. 

Le Chatelier, Jacques, Ingénieur civil 
des Mines, 7%, rue du Regard, 
Paris, VIe. 

Ledoux, Ingénieur civil des Mines, 
20, boulevard Diderot, Paris, Xlle. 

Leduc, Chef de section au laboratoire 
du Conservatoire National des Arts 
et Métiers, 292, rue Saint-Martin, 
Paris, IIe. \ 

100 Lefévre, Ingénieur aux Anciens Eta- 
blissements Cail, 4 Denain (Nord). 

101 Lequeux,Ingénieur des Arts et Manu- 
factures, 64, rue Gay-Lussac, 
Barts; ave. 

102 Lesourd, Paul,Administrateur délégué 
de la Société des Ciments Portland 
artificiels de la Touraine, 4, Place 
du Palais, Tours (Indre-et-Loire). 

108 Lévy, Léon, Ingénieur en chef des 
Mines, Directeur de la Cie des 
Forges de Chatillon, Commentry 
et Neuves-Maisons, 19, rue de La 
Rouchefoucauld, Paris, IX¢. 

104 Locherer, Ingénieur en chef des Ponts 
et Chaussées, 45, rue Ampere, 
Paris, XVIIe. 
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Lodin, Inspecteur général de Mines, 
Professeur a l’Ecole des Mines, 16, 
rue Desbordes - Valmore, Paris, 
XVIe, 

Lordier, [ngénieur civil des Mines, 36, 
rue des Petits-Champs, Paris, Ile. 

Magdelénat, Ingénieur des Ponts et 
Chaussées, Ingénieur du IIe arron- 
dissement de la Voie et des travaux 
de la compagnie d’Orléans, Poitiers 
(Vienne.) 

Malette, Conducteur des Ponts et 
Chaussées, chimiste aux Labora- 
toires ‘de ’Ecole des’ Ponts et 
Chaussées, 61, rue des Saints- 
Péres, Paris, VIe. 

Mare, Ingénieur aux anciens établisse- 
ments Cail, a Denain (Nord). 

Maupéou d’Ableiges, Directeur du 
Génie Maritime en retraite Place 
du Gast, Laval (Mayenne). 

Mayer, Eugene, Ingénieur des Ponts 
et Chaussées, 10, rue La Bruyere, 
Paris, [Xe. 

Maynard, Sous-Ingénieur des Ponts 
et Chaussées, faisaut fonctions 
d’Ingénieur, a Saint-Nazaire 118bis, 
rue Villez-Martin (Loire-Inférieure). 

Merceron - Vicat, Directeur de la 
Société des Ciments Vicat, 29, rue 
Lesdiguieres, a Grenoble (Isére), 

Mercier, Chef de l’Atelier d’Essais 
de l’Ecole Nationale des Ponts et 
Chaussées, 8, avenue d’léna, 
Paris, XVIe. . 

Merklen, Ingénieur du matériel fixe 
des chemins de fer de 1’Etat, 49, 
rue de Londres, Paris, VIIIe. 

Mesnager, Ingénieur en chef des 
Ponts et Chaussées, Professeur et 
_ Directeur des Laboratoires a l’Ecole 
Nationale des Ponts et Chaussées, 
182, rue de Rivoli, Paris, [er. 

Michel-Lévy, H., Ingénieur des Arts 
et Manufactures, 104, rue de la 
Faisanderie, Paris XVI¢. 

Millot, Fabricant de ciments, 8, 
Boulevard dela Bastille, Paris, XII¢. 

Miguet, L., Président de la Sociéte 
»Le petit outillage‘, 71, boulevard 
Victor-Hugo a Clichy (Seine). 

Monmerqué, A., Ingénieur en chef 
des Ponts et Chaussées, 19, rue 
Decamps, Paris, XVI¢, 

Nay de Mézence, Jacques, Ingénieur 
chimiste, 2, Square du _ Roule, 
Paris, VIlle. 
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Nivet, Ingéneur-Conseil. pour Con- 
structions en béton armé, Luxé 
(Charente.) 

Nouailhac-Pioch, Ingénieur en chef 
des Ponts et Chaussées, 169, rue 
de Rennes, Paris, VIe. 

Olry, A., Ingénieur en chef des 
Mines, 23 rue Clapeyron, Paris, VIII¢, 

Osmond, F,, Ingénieur civil, rue de 
l’Ermitage St. Leu (Seine-et-Oise), 

Patry, Ingénieur du Bureau Veritas, 8, 
place de la Bourse, Paris, Ile. 


Périn, Ingénieur-chimiste, 2, rue 
Guichard, Paris, XVIe, 
Perot, Professeur a 1’Ecole Poly- 


technique, 16, Avenue 
Paris, XVIe. 

Piketty, Paul, Ingénieur-Constructeur 
en ciment armé, 88, quai de la 
Rapée, Paris, XIle, 

Pillet, J., Professeur au Conservatoire 
National des Arts et Métiers, 5, rue 
Le Goff, Paris V¢, 

Pourcel, A., Ingénieur civil des 
Mines, 2, square du Roule, Paris, 
Ville. 

Prache, Ingénieur des Arts et Manu- 
factures, 17, avenue Niel, Paris, 
XVIle. 

Privat, F., Ingénieur principal a la 
Cie P,-L,-M., 20, boulevard Diderot, 
Paris, XIle. 

Rabut Charles, Ingénieur en chet 
des Ponts et Chaussées, Ingénieur 
en chef du service des Travaux 
neufs des chemins de fer de 
V’Etat, 49, rue de Londres, Paris, 
Ville, 


Bugeaud, 


Rateau, Ingénieur des Mines, 7, rue 
Bayard, VIIle. 

Rebourg, Ingénieur aux anciens 
établissements Cail, a  Denain 
(Nord). 

Renaud, G., Inspecteur général des 
Ponts et Chaussées, 29, rue 
Scheffer, Paris, XVI¢. 

Révillon, Louis, Ingénieur des Arts 


et Manufactures. 259, Boulevard 
Péreire, Paris, XVIIe. 

Robin, Ingénieur des Arts et Manu- 
factures, Assistant du Laboratoire 
du Conservatoire National des Arts 
et Métiers, 7, rue d’Anjou, Paris, 
Ville, 

Ronfet, Ingénieur des Arts et Manu- 
factures, 18, rue de Dunkerque, 
Paris, Xe. 
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145 


146 


147 
148 
149 


150 
151 


152 


France — Frankreich — France, 


Rouger, Ingénieur au Service de la 
Société J, et A. Pavin de Lefarge, 
Le Teil (Ardéche). 

Sabouret, Ingenieur en chet du 
Matériel et de la traction a la 
Compagnie d'Orléans, 182, 1ue de 
Rennes, Paris, VI¢. 


Saladin, Ingénieur principal des 
Aciéries du Creusot, 42, rue 
d’Anjou, Paris, VIIe. 

Salomon, Ingénieur en chef du 
Matériel et de la traction a la 
Compagnie de l'Est, 168, rue 


Lafayette, Paris, X¢. 
Sauvage, Ingenieur en chefdes Mines, 
Professeur a l’Ecole supérieure des 


Mines, 14, rue Eugeéne-Flachat, 
Paris, XVII¢. 
Scheendeerffer, Ingénieur en chef 


des Ponts et Chaussées a Annecy 
(Haute-Savoie). 

Schving, P., Capitaine d’artillerie en 
retraite, 10, rue Laferriere, Paris,[X¢. 

Seyrig, Ingénieur Civil, 438, rue de 
Rome, Paris, VILe. 

Simonot, Ingénieur en chef de la 
Marine, Arsenal de Cherbourg 
(Manche), 37, rue Bonhomme. 

Société des Ingénieurs Civils de 
France, 19, rue Blanche, Paris, IX¢. 

Société Francaise de Constructions 
Mécaniques, anciens établisse- 
ments Cail, 21, rue de Londres, 
Paris, IX¢, 

Société Anonyme de Commentry- 
Fourchambault et Decazeville, 
16, place Vendome, Paris, Ier. 

Société Anonyme des Ciments de 
Frangey (Quillot Fréres), a 
Frangey, par Lézinnes (Yonne). 

Société Anonyme des Aciéries et 
Forges de Firminy (Loire). 
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160 
161 


165 


166 


Solacroup, Ingénieur en chef du 
Matériel et de la traction de la 
Compagnie. d'Orléans, 56,boulevard 
Malesherbes, Paris, VIII¢. 

Sollier et Compagnie, Fabricants-. 
de ciment portland a Neufchateb 
(Pas-de-Calais). 

Soubeyran, A. de, Administrateur- 
délegué de la Société des Ciments. 
francais 80, rue Taitbout, Paris, 
Xe, 

Stoclet, Ingénieur en chef des Ponts 
et Chaussées a Lille (Nord), 

Thomas, Auguste, Directeur de la 
Société frangaise de Constructions 
mécaniques (Anciens' Etablisse- 
ments Cail), 4 Denain (Nord). 

Tricon, Ingénieur - Constructeur, 95, 
rue de Prony, Paris, XVIIe, 

Valat, A., Ingénieur principal des 
Constructions metalliques a la 
Compagnie de lEst, 23, rue 
d’Alsace, Paris, Xe. 

Valla, L., Ingénieur civil des Mines. 
119, Boulevard de Longchamps,. 
Marseille (Bouches-du-Rh6ne). 

Vallette-Viallard, Fabricant de chaux 
et ciment, Cruas (Ardéche). 

Valton, Ingénieur adjoint al’Ingénieur 
en chef du Matériel et de la 
traction dela Compagnie d’Orléans, 
41, boulevard de la Gare, Paris, 
XJie. 

Viallet, Marius, Ancien éleve de 
l’Ecole Polytechnique et de l’Ecole: 
des Ponts et Chaussées, Admini- 
strateur de la Société des Ciments. 
de la Porte de France, 28, Cours. 
Saint-André a Grenoble (lIseére). 

Viennot, Ingénieur des Arts et 
Manufactures, 9, Boulevard de 
Denain, Paris, X&, 
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13 


14 
15 


16 
i 


18 


Airedale of Gledhow, The Right Hon. | 
Lord, Monkbridge Iron Works, 
Leeds, 

Anderson, Herbert W., South Western 
Laboratory, 43 St. James’s Road, 
Kingston-on-Thames. 

Associated Portland Cement Manu- 
facturers (1900) Ltd., Portland 
House, Lloyds Avenue, London E. C 

Avery, W. & T. Ltd., Soho Foundry, 
Birmingham. 

Bagnall-Wild, Major R.K., War Office, 
Whitehall, London, S. W. 

Bailey, A. J., Albion Works, Salford, 
Manchester. 

Bailey, Sir W. H., Managing Director 
of) /W. H. Batley and Co. .Ltd., 
Sale Hall, Cheshire. 

Bamber, H. K, G., Ingress House, 
Greenhithe, Kent, 

Bell, Sir Hugh, Bart., Rounton Grange, 
Northallerton. 

Bleckly, W. H., Thelwall Lea, near 
Warrington. 

Blount, Bertram, Chemical Labora- 


tory and Testing Works, 76 and 
78 York Street, Westminster, 
London, S. W. 


British Fire Prevention Committee, 
Waterloo Place, Pall Mall, London, 
cae 

British Weights & Measures Asso- 
ciation (G. Moores, Secretary), 
98 Cannon Street. London, E. C. 

Brearly Harry, 51 Millhouses Lane, 
Sheffield, 

Burstall, H. R. J., c/o Messrs, Bur- 
stall & Monkhouse. 14 Old Queen 
Street, London, S. W. 

Butler, T. F.; Barrow-in-Furness. 

Bylander, S., Messrs,, Waring & 
White, (1906) Ltd. 1A, Cockspur 
Str. London, S. W. 

Caldecott, W. A. The Consolidated 
Gold Fields of South Africa, Ltd., 
Consulting Engineers Department, 
Johannesburg, Transvaal, South 
Africa, 


19 


20 
21 


22 
23 
24 


25 


Cambridge Scientific Instrument Co., 
Ltd., Chesterton Road, Cambridge, 


Cawley, G., Engineer, 25 Victoria 
Street, London, S. W. 
Charleton, Ch,’ c/o Messrs, J. C. 


Johnson & Co., Ltd. 4, Eastcheap, 
London, E. C. 

Clarke, Max, F.R.I. B. A., 4 Queen 
Square, Bloomsbury. London, W. C. 

Cleland, W., Sheffield Testing Works; 
Blonk Street Sheffield. 

Colville, David, Dalzell Steel & Iron 
Works, Motherwell, N. B. 


Concrete Institute, (The Secretary), 
Waterloo Place, Pall’ Mail, 
London, S. W. 


Concrete Institute; 


Chairman of the Executive (Edw. 
Ga-oachsie FoR. S.. Edi); 

Chairman of the Science Standing 
Committee (William Dunn, F. R. 
pale sang egy 

Chairman of the Test Standing 

Committee (W. S. Hatch. M. Inst, C.E). 

Cooper, A., North-Eastern Steel Works, 
Middlesbrough 

Cooper, W. J., The Elms, 
Penarth, South Wales. 

Cox, Herbert Nelson, Holly Lodge, 
Bournbrook Road, Selly Park, 
Birmingham. 


Lower 


Crosby, Th., Lianelly Steel Works, 
Llanelly, South Wales. 

Daimler Motor Co., (1904) Ltd., 
Daimler Works, Coventry. 

Daw, F. W., 8 Alexander Place, 
Ebbw Vale, Monmouthshire. 

Deacon, M., Sheepbridge Coal and 
Iron Co ; Ltd.; Chesterfield, 

Donaldson, H. F., Royal Arsenal, 
Woolwich. 

Dyson W.H., The Amalgams Co., 


Ltd., Attercliffe Road, Sheffield. 


Ellis, O. L, The Grange, Pelham 
Road, Gravesend, Kent. 
Ellis, W. H., Atlas Steel & Iron Works, 


Sheffield, 
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D5 


56 
57 


58 
59 
60 


61 


62 


65 


Grande Bretagne 


Engineering, 35 und 36 Bedford Street, 
Strand London W. C. 

Evans, W., Cyfarthfa Iron and Steel 
Works, Merthyr Tydfil, Glam. 
Gulliver, G. H., Engineering Depart- 

ment, The University, Edinburgh. 
Hadfield, Sir R. A., 28 Hertford 
Street.,, Mayfair, London, W. 
Harbord, F. W., 16 Victoria Street, 
Londons Oo; W 
Harrison, J. H., 2 Exchange Place, 
Middlesbrough. 


Heap Douglas, T., 3 Vanbrugh Park 
Road West, Blackheath, London, 
Sean 


Heaton Noél, B. Sc., Denmark House 
Stonebridge Park, London, N W., 

Hickman.Messrs,A .Ltd. Staffordshire 
Steel andIngot Iron Works, Bilston, 
Staffs. 


Hogg, T. W., Seaburn Terrace, Roker, 
Sunderland. 
Holloway, G. T., 57—58 Chancery 


Lane, London, W._C. 
Hoyle, J. R., Norfolk Works, Savile 


Street East, Sheffield. 

Institution of Civil Engineers, 
Great George Street, Westminster. 
London, S. W. 

Iron and Steel Institute, 28 Victoria 


Street, Westminster, London, S. W. 
Jennings, A. S., Managing Editor 
«the Decorator‘, -. 365, Birkbeck 
Bank Chambers, High Holborn, 
London, W..:C. 
Keay, E, C. & J. Ltd, Princes Cham- 
bers, Corporation Street, Birming- 


ham. 
Keen, A., London Works, near Bir- 
mingham. 


Kennedy, Sir Alex. B. W., F. R. S., 


17 Victoria Street, London, S. W. 

Kirkaldy, W. G., 99 Southwark 
streetp London, iS) E. 

Layton, George M. R., Royston, 
Herts. 

Lester, J. H., M. Sc., Manchester 
Chamber of Commerce Testing 
House, Manchester. 

Lloyd, G. C., Iron & Steel Institute, 


28 Victoria Street, London, S. W. 
Marsland Ellis, 244 Camberwell Road, 
London, S, E. 
Martin, Ed, P., The Hill, Abergavenny, 
South Wales. 
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64 


65 


66 


67 


68 


69 
70 


71 
72 


73 
74 
75 


76 


77 
78 


79 


80 


81 


82 
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GrofBbritannien — Great Britain. 


Mason, Cecil C., c/o Messrs, Sir 
W.G, Armstrong Whitworth & Co., 
Ltd., Ordnance Dpt., Elswick Works, 
Newcastle-on-Tyne. 

Milton, J., T., c/o Lloyds Register 
of Shipping 71, Fenchurch Street, 
London E. C, 

Monkhouse, E. W., Messrs. Burstall 
and Monkhouse, 14 Old Queen 
Street, Westminster, London, S, W. 


Moore, Harold, B. Sc., Research 
Dept., Royal Arsenal, Woolwich, 
Kent. 

National Physical Laboratory (Dr. 


R. T. Glazebrook, Director), Bushy 
House, Teddington, Middlesex. 
Passmore, Frank Baley, Suffolk 
House, 5 Laurence Pountney Hill, 
London, E.G, 

Petavel, Professor, J. E., The Uni- 
versity, Manchester. 

Phelps, W. E., Deputy Superintendent, 
India Store Depot, Belvedere Road, 
Lambeth, London, S. E. 


Pickering, W. B., 21 Dover Road, 
Sheffield. 
Purton, F., The Expanded, Metal Co., 


Ltd., York Mansion, York Street, 
_ Westminster, London, S. W. 
Randall, Joseph, Jummer Court, 
Shooter’s Hill Kent. 
Roberts, G. H.,_ Royal 
Woolwich, Kent, 
Robertson, F, E.. C, I. E. c/o Messrs 
Rendel & Robertson, 8 Great 
George Str., London, S. W. 


Robertson, Leslie S., Secretary of 
the Engineering Standards Com- | 
mittee; 28 Victoria Street, London, 
5S. W. 

Rofe, H., 8 Victoria Street, London, 
Sia W: 

Sachs, Edwin O., F. R. S, Ed., 
7 Waterloo Place, Pall Mall, 
London, S. W. 

Sheffield Society of Engineers and 
Metallurgists (F. K. Knowles, 
Secretary), Technical Department 
University College, Sheffield. 

Sidney, L. P., Iron & Steel Institute, 
28 Victoria Street, London, S, W. 

Siemens, A., 12 Queen Anne’s Gate, 
Westminster, London, S. W. 

Smith, J, Cruickshank, Holmdene 
Colebrook Avenue, West Ealing, 
London, W. 


Arsenal, 


& 


Grande Bretagne — Grofbritannien — Great Britain. 


83 Stanton, Dr. T. E., National Physical 
Laboratory, Bushy House, Tedding- 
ton, Middlesex. 

84 Stead, J, E,, F. R. S., Laboratory 
and Assay Office; 11, Queens 
Terrace, Middlesbrough. 

85 Styles, R. Curling, Chemist to the 
Associated Portland Cement Manu- 
facturers (1900), Ltd., Knockhall, 
Kingsfield Road, Watford, Herts. 

86 Tannett-Walker, A.T., Hunslet, Leeds, 

87 Tomlinson, F., The Broughton Copper 
Co., Ltd., Manchester. 

88 Trechmann, O. K., Warren Cement 
Works, West Hartlepool. 

89 Turnbull, Messrs., Alex. & Co., Ltd, 


90 Unwin, Professor W. C., F. R. S, 7 
Palace Gate Mansions, Kensington, 
London, S. W. 

91 Vawdrey R. W., Patent-Indented Steel 
Bar Co,,Ltd.,QueenAnnes Chambers, 
Westminster, London, S. W. 


92 While, Jas, M., Barrow Hematite 
Steel Co., Ltd., Barrow-in-Fur- 
ness, 

93 White, F. A., 170 Queen’s Gate, 


London, S. W., 

94 Whitwell, Wm., Overdene, Saltburn 
by-the-Sea, Yorkshire, 

95 Williams, Illtyd, Normanby Hall, 
Normanby, S, O. Yorkshire. 

96 Workman, G, C., Messrs., Edmond 


St. Mungo Works, Bishopbriggs, Coignet, Ltd., 20 Victoria Street, 
Glasgow. London, S, W. 
Gréce — Griechenland — Greece. 


1 Hadjikyriakos Zachariou & Cie., Fabrique Héllénique de Ciments, Athénes, 


Rue Chalkokondyli 37. 


45 


eae 


19 


20 


Hollande — Holland. 


Alpherts,G.,Director der Nederlandsch- 
Indische Industrie, Wassenaar bei 
Haag. 

Baucke, H., Ingenieur, Mitinhaber der 
Materialprifungsanstalt, |Amster- 
dam, Da Costakade 104. 

Bienfait, L., Ingenieur, Mitinhaber der 
Prifungsanstalt fiir Baumaterialien, 
Amsterdam, Da Costakade 104, 

Burgdorffer, A. C., Adjunkt-Direktor 
im Stadtbauamt, Rotterdam, 
Haringvliet 2. 

Chemisches Laboratorium, Techn. 
Hochschule, Delft. 

Everts, S. G., Rector Magn. der Tech- 
nischen Hochschule. Delft. 

Gratama, B M., Oberingenieur, Neder- 
landsch-Indische Spoorweg-Maat- 
schappy, Haag, Sweelinckstraat 23. 

Groneman, J. L. Th., Gieferei- 
Ingenieur, Hengelo. 

Haagsma, S, E., Oberingenieur der 
niederland. Staatsbahnen, Utrecht. 

Hackstroh,P. A. M., Kapitan-Ingenieur, 
Station de Bilt bei Utrecht. 

Hanegraaff, W., Kapitan - Ingenieur, 
Haag, Laan v. N. Oost-Indié. 

Hasselt, van J., Civil - Ingenieur. 
Amsterdam, Weesperzyde 28. 

Het Departement der Burgelyke 
Openbare Werken, Batavia. 
(Niederl. Indien), 

Het Technisch Leesmuseum, Amster- 
dam, Marnixstraat 402. 

Hoeven, P. A., van der, Kapitan- 
Ingenieur, Utrecht, Maliesingel 14. 

Hoitsema, Dr. C., General-Controleur 
bei der Reichsmunze; Utrecht. 

Hollandische Eisenbahngesellschaft, 
Amsterdam, 

Hoogenhuyze, L. F. E, van, Ingenieur 
der Holland. Eisenbahngesellschaft, 
Alkmaar, v. Everdingenstraat 7. 

s’Jacob, J. J., Direktor der hollandi- 
schen Eisenbahngesellschaft, 
Amsterdam. Willemsparkweg 127. 

Joosting, P., Ober-Ingenieur d. Niederl. 
Staatsb., Utrecht Kruisstraat 11. 
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24 
25 
26 


27 


28 
29 
30 


31 


32 


33 


34 


35 


46 


Kinderman, J., Haag, Duinweg 18. 


Kley, P., Professor a. d. Technischen 
Hochschule, Juliana van _ Stol- 
berglaa 28, Haag. 

Kloes, J. A. van der, Professor der 
Baumaterialienkundean der Techni- 
schen Hochschule, Delft. 


Kooper, J., Kapitan-Ingenieur, Ede. 
Koniglich Ingenieursinstitut, Haag. 


Maatschappy tot Exploitatie van 
Staatsspoorwegen, Utrecht. 

Metzelaar, W. C., Ingenieur-Architekt 
der Justizgebdude, Haag. 

Ministerie van Waterstaat, Haag. 


Ministerie van Marine, Haag. 


Ministerie van Kolonién, Technisches 
Bureau, Haag. 

Nederlandsch - Indische Spoorweg- 
Maatschappy,s’Gravenhage, Lange 
Beestenmarkt. 

Roessingh van Iterson,J. A., Direktor 
d, Holland. Eisenbahngesellschaft, 
Amsterdam, Jan Luykenstraat 52. 

Rutgers, S. J., Ingenieur im Stadt- 
bauamt, Rotterdam. 

Schroeder van der Kolk, J, Reichs- 
Ingenieur im Aufsichtsrath der 
Eisenbahnen, ’s Gravenhage, Bad- 
huisweg 177. 

Semarang-Joana Stoomtram-Maat- 
schappy, ’sGravenhage J, P. Z., 
Coenstraat 2. 

Stadtbauamt, Amsterdam. 


Stork, C. F., Maschinenfabrikant, 
Hengelo, O. 
Technische Hochschule, Delft. 


Vogel, H. P. M. A., Ingenieur der 
Hollandischen Eisenbahngesell- 
schaft, Haarlem. 

Wesseling, H. C., Ingenieur im Stadt- 
bauamt, Rotterdam. 

Wolff, E. B., Maschinen - Ingenieur. 
Amsterdam, Singel 254. 

Wortman, H., Wasserbau-Ober-Inge- 
nieur im niederlandischen Staats- 
dienst, Haarlem, 


= 


Hongrie — Ungarn — Hungary. 


Riedl, K., Ober-Inspektor, Budapest, 
VI. Teréz kérut 56. 

Maurer, M., Ober-Insp., Budapest, 
VI. Teréz k6rut 56. 

Grittner, A., Chemiker. Inspektor, 


1 Babocsay, H., Vertreter der Maschinen- | 17 
fabriks-Aktienges. Hirsch & Frank, 
Budapest, VI. Szaboles utcza 39.| 48 

Bajza, A., Inspektor der kel. ung. 
Staatseisenbahnen, Budapest, VI.|19 


DO 


Isabella uteza 72a. Budapest, VIII. Jdzsefvdrosi 
3 Banovits, C., Ministerialrat, Direktor pélyaudvar. 
der Maschinenabteilung der kgl.| 99 Bermann, Miksa, Oberingenieur, 


ung, Staatseisenbahnen a. D,, Buda- VIL, Alpar utcza 7. 


pest, VI. Bajza uteza 34c. Peon ; stu, 

4 Bartel, Johann, Oberingenieur, V. eepeslils se Aa Ober-Ingenieut, Buda- 
Nedne tera BG. pest, I]. Albrecht ut 18. 

5 Beer, Alfred, Oberingenieur der kel. Ganz & Co. 
ung. Staatsbahnen, Budapest, VI. Vertrerver: 


Teréz kérut 56. _ |22 . Asboth, Emil, Ministerialrat, Gen.- 
Beke, Josef, kon. ung. Baurat im Dir., Budapest, X.K6bdnyai ttl. 

Handelsministerium, Budapest, II°| 93 Gelléri, M., kgl. Rat, in Vertretung 

Albrecht ut 1. = des Landesgewerbevereines, Buda- 
Betriebsdirektion der ungar, Linien VI. Uj uteza 4. 


der k, k. priv. Sidbahngesellschaft, | AS, : . 
Budapest, L. Miszdros utcza. 19, 24 ae pe Professor, Selyp 


Bloch. L., Baumeister, Budapest, VII. : : 
kdezfa uteza 50. Generaldirektion der Kaschau-Oder- 
berger Bahn, Budapest, V. Rudolf- 


for) 


~ 


oo 


9 Borbély, L., Generaldirektor der Rima- 
murany-Salgo-Tarjaner Eisenwerke, rakpart 6. 
Budapest, V. Nador utcza 386. Merctreter: 


10 Bresztovszky, Béla, Dr., Maschinen- | 95 
Ingenieur, Adjunkt am Polytech- 
nikum, Budapest, VIII. Muegyetem. | 96 

11 Csaki B., Budapest, VI.Andrassy ut 21. 

12 Czak6o,A.,Professoram Polytechnikum, 
Budapest, Muegyetem. 


Eder, R., Ober-Inspektor, Budapest, 
V. Rudolfrakpart 6. 
Fabry, A., Inspektor, Budapest, V, 
Rudolfrakpart 6. 
Generaldirektion der ungar. Berg- 
Hiittenwerke und Domanen der 


13 Czekelius, A., Ministerialrat, i. P., Buda- hide dt : 
P priv. dOsterr.-ungar. Staatseisen- 
pest, IV. Ferencz-J6zsef rakpart 9. 
: : bahn-Gesellschaft, Budapest, IV. 
Direktion der kgl. ungar. Staats- eT CA 
eisenbahnen, Budapest, VI. Andrassy 8) i 
ut 73/75. Vertreter: 
Vertreter: 27 Willinger, J., Zentral- Inspektor, 
14 Geduly, J., Ministerialrat, Direktor Budapest, IV. Egyetem utcza 1. 
der Bauabteilung, Budapest, VI. | 28 Balint, Miklos, Zentral-Inspektor, 
Terez k6rut 56, Resicza. 
15 Szlabey, E., Ober-Inspekt.,Direktor- | 29 Marton, Georg, Zentral-Inspektor, 
Stellvertreter, Budapest, VI. An- Resicza. 
drassy ut 75. 30 Ringeisen, Jené, Ober-Insp,, Buda- 
16 Novelly, E., kgl. ung. Hofrat, Di- pest, IV. Egyetem utcza 1. 
rektor-Stellvertreter, Budapest, | 31 Renvez, Josef, Ober-Insp., Buda- 
Vl Andrassy ut 75. pest, IV. Egyetem utcza 1. 


Hongrie — Ungarn — Hungary. 


32 Gerster, K,, Architekt, Budapest, IV., 


Muzeum korut 37. 


83 Goll, E., Architekt, Budapest, VIII. 
Baross utcza 97. 
34 Granzenstein, B., Staatssekretar des 


k6nigl. ungar. Finanzministeriums 
i, P., Budapest, IV. Sérhaz uteza 4. 


35 Hauptstadtischer Baurat (Févarosi 
K6zmunkak tanacsa), Budapest, 
I. Dobrentey tér 4. 

36 Just, Fr., Ober-Ingenieur der kgl. 
ung. Staatseisenbahnen, Verkehrs- 
chef, Gyor. 

37 Kelényi, E., Inspektor der kgl. ungar. 
Staatseisenbahnen, Budapest, VI. 
Andrassy ut 75. 

38 Kis, E. J., Ingenieur und Unternehmer, 
Budapest, V. Pozsonyi ut (Fels6 
rakpart) 19. 

39 Kommer, J., Architekt, Budapest, 


VILL. Foherczeg Sandor utcza 6, 
Kon. ung. Berg- und Forst-Hoch- 
schule in Selmecbanya. 


Vertreter: 

40 Sobé, Jené, kénigl. ungar. Ober- 
bergrat, ord. Prefessor, Seimec- 
banya., 

Al Faller, Karl, kénigl. ung. Ober- 
bergrat, ord. Professor, Selmec- 
banya, 

42 Barlai, Béla, Dr., ord, Professor, 
Selmecbanya. 


Koénigl. ungar. Landwehr-(Honve- 
delmi)-Ministerium. 


Vertreter: 


43 Aberle, Anton, kénigl, ung, Major 
des Waffentechnischen Offiziers- 
korps, Budapest, I. var honve- 


delmi ministerium. 
Gebler, Josef, kénigl, ung. Land- 
wehr-Unterintendant, Budapest, 
I. var honvédelmi ministerium., 
Szent-Istvany, Béla von, Militar- 
Bauingenieur, Budapest, I. var 
honvédelmi ministerium, 
Marothy, Koloman von, Militar- 
Bauingenieur, Budapest, I. var 
honvédelmi ministerium. 
47 Kreiker, G., Ober-Ingenieur der kgl 
ungar. Staatseisenbahnen, Szeged, 


48 Landes-Gewerbeschulrat, Budapest, 
ll. Kereskedelmi Ministerium. | 


44 


45 


46 


48 


49 Langfelder, K,, Maschinen-Ing., Fa- 
brikant, Budapest, VI. Figyetd 
utceza 14. 

50 Lehotzky, Gyula, Ing. der Maschinen- 
fabrik der k6n. ung. Staatsbahnen, 
Budapest, X. Kébanyai ut 21, 

51 Lowenstein, A., Direktor der Druckerei- 
Aktiengesellschaft ,Pallas*, Buda- 
pest, V. honvéd utcza 10. 


52 Mendl, G., Ober-Ingenieur der kgl. ung. 
Staatseisenbahnen, Budapest, VI. 
Podmaniczky utcza 43, 

Mentsik, F., Dr., Ministerialrat, Buda- 
pest, II. Kereskedelmi Ministerium, 


Mihok, J., Inspektor der kgl. ungar. 
Staatseisenbahnen, Budapest, VI. 
Andrassy ut 75. 

Misangyi, Wilhelm, Dr., Maschinen- 
Ingenieur der koénigl, ung. Staats- 
bahnen, Budapest, VIII. Jozsef 
K6rut 21. 

Moskovits, M., Maschinen-Ingenieur, 
Nagyvarad, 

Nagy, D. von, Hofrat, Professor, Buda- 
pest. VIIl Muegyetem. 

Ohrenstein, H., Zementfabrikant, 
Budapest, V. Alkotmany utcza 10. 


Retjo, A., Hofrat, Professor, Budapest, 
VII. Mtegyetem. 

Récsey, E., Ober-Ingenieur der kgl. 
ungar. Staatseisenbahnen, Buda- 
pest. VI. Andrassy ut 73/75. 

Rimamurany-Salgo-Tarjaner Eisen- 
werks-Aktiengesellschaft, Buda- 
pest, V. Nador uteza 36. 


Rock, St., Maschinenfabrikant, Buda- 
pest, I. Kelenhegyi ut 29. 

Salamin, M., Ingenieur der kgl. ungar, 
Staatseisenbahnen, Zolyom, 

Sartory, O., Zementtechniker, Nagy- 
kanizsa. 

Satori, Moriz, Stein-, Mortel- und 
Gypsfabrikant, Budapest, IX. Dandas 
uteza 25. 

Schustler, J., Ingenieur, Beton-Bau- 
unternehmer, Budapest, VII. Dam- 
janich utcza 39. 

Teleszky, J., Min.-Sektionsrat, Buda- 
pest, VII. Erzsébet kérut 15. 

Ungarische Keramische Fabriks- 
Aktiengesellschaft, Budapest, VIII. 
Jézsef kérut 14. 

Ungarischer Verband fiir die Mate- 
rialpriifungen der Technik Buda- 
pest, VIII. Mtegyetem, 
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68 


Hongrie — Ungarn — Hungary. 


70 Wartha, V., Dr., Ministerialrat, Pro- 
fessor, Budapest, VIII. Miegyetem, 

71 Wittmann, Fr., Professor, Budapest, 
VIII. Muegyetem. 

72 Winsch, R., Zementtechniker Bau- 
meister, Beszterczebanya., 

73 Zelovich K. von, Betriebsleiter der 
kgl. ung. Staatsbahnen, Budapest, 
VUI (rechtseitige Betriebsleitung), 


Zentraldirektion der kgl. 
Staatseisenwerke, 
Kobanyai ut 21. 


ungar. 
Budapest, X. 


Vertreter: 
74  WVajkay,K., Ministerialrat, Zentral- 
direktor. Budapest, X, Kébanyai 
ut 21, 
75 Ritter, O., kgl. Rat, Direktor-Stell- 
vertreter, Budapest, X. Ké6- 


banyai ut 21. 
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76 Roth, P., kgl. Rat, Ober-Inspektor, 
Vorstand der Maschinenfabrik 
der kgl. ung. Staatseisenbahn., 
Budapest, X. Kébanyai ut 21, 

77 Fleischmann, V., Ober-Inspektor, 
Vorstand des Didsgyérer Eisen- 
“werkes, Didsgyér, aczélgyar. 

78 Allender, H., kgl. Ober-Bergrat, 
Vorstand des Zélyom-Brezéer 
Eisenwerkes, Zolyom-Brezé, 

(03, Bergh, T., kgl. Bergrat, Vorstand 
des Kudsirer Eisen- und Stahl- 
werkes, Kudsir. 

80 Zhuk, J., Ingenieur, Sekretér des 

ungarischen Verbandes fiir die 
Materialpriifungen der Technik, 


Budapest, VIII. Muegyetem. 


81 Zielinszki,Sz., Dr,, Ingenieur, Professor 
am Polytechnikum, Budapest, V. 
Alkotmany uteza 31, 

82 Zsigmondy, B., Ingenieur, Budapest, 
IX, Imre utcza 4. 
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Italie — Italien — Italy. 


Andruzzi, ing. Nestore, Genio Civile, 
di Cavarzere, Venetia. 

Arlorio, Agostino, Colonnello nel Ro. 
Genio Militare, Direttore della Ra. 
Accademia Militare di Torino. 

Associazione Utenti caldaie a vapore 
nelle Provincie dell’ Emilia e 
delle Marche, Bologna, Piazza 
Calderini 4: 

Barzano ing. Carlo, 
Bagutta, 24, 

Belloc ing, Luigi, Ispettore Generale 
dell’Industria e del Commercio, 
Roma. 

Benetti ing. 


Milano, Via 


Jacopo, 


Professore di/| 


macchine e Direttore della Ra- Scuola | 


per gli Ingegneri di Bologna, 

Biadego ing. Giambattista, Capo 
Servizio delle costruzioni delle ex 
Strade Ferrate Mediterranee; Roma, 
Via Mercede 9, 

Bougleux ing. Eugenio, Pisa, S. Nicco- 
laio, 10. 

Bruno ing. Gaetano, Professore di 
costruzioni e Direttore della Ra 
Scuola superiore politecnica di 
Napoli. 

Caio ing. Ausano, Vice - Direttore 
generale delle ferrovie dello stato, 
Roma, 

Canevazzi ing. Silvio, Professore e 
Direttore del gabinetto di costru- 
zioni nella Ra. Scuola per gli 
ingegneri in Bologna, 

Cariati ing, Giovanni, Napoli, Corso 
Vittorio Emanuele, 23. 

Cattaneo ing. Ugo, Capo Divisione 
delle ferrovie dello Stato presso 
Instituto sperimentale, Stazione 
di Trastevere Roma, 


Ciotti Guiseppe, Ingegnere capo delle 
Officine Miani, Silvestri, e C, i, 
Milano, Via Vicenzo Monti, 21. 

Collegio degli Ingegneri ed Architetti 
di Genova, Via Davide Chiossone, 7. 

Collegio degli Ingegneri ed architetti 
Palermo. 
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Delli Ponti ing. Alberto, Napoli, Via 
S. Liborio, 27. 

De Mattei ing. Virgilio, Direttore 
della Societa anonima Fabbrica di 
calce e cementi di Casale Mon- 
ferrato. 

Fadda ing. Stanislao, Direttore gene- 
rale delle R, Strade Ferrate Sarde, 


Roma. 

Fera ing. Cesare, Amministratore 
delegato della Societa Siderurgica 
di Savona. 


Ferraris, Dante, Ingegnere della Ditta 
Fratelli Diatto per materiale ferro- 
viario ecc, Torino, Stradale Mon- 
calieri, 10. 

Fonderia, Milanese d’acciaio, Milano. 

Gabinetto per la _ resistenza dei 
materiali (Dircttore prof. ing. Ise) 
pressolaR. Scuola superiore poli- 
tecnica in Napoli. 


Giolitti, prof. dott, Federico, presso 
il Politecnico in Torino. 

Giorgis dott. Giovanni, Professore 
e Direttore del gabinetto di chimica 
docimastica nella R. Scuola per 
gli ingegneri in Roma, 

Guidi prof. ing. Camillo, Direttore del 
gabinetto di costruzioni presso il 
Politecnico in Torino. 

Imperatori Luigi, Ingegnere metallur- 
gista, Milano, Via Leopardi, 7. 
Istituto sperimentale delle ferrovie 

dello Stato, Roma. 

Maganzini prof. ing. Italo, Presidente 
di sezione al Consiglio Superiore dei 
Lavori Pubblici, Roma. 

Ministero dei Lavori Pubblici. 
della Mercede, Roma. 


Ministero della Marina, Roma. 

Muggia ing, Attilio, Professore di 
costruzioni nella R. Scuola d’appli- 
cazione per gli ingegneriin Bologna. 


Via 


Nicolis di Robillant, conte ing. 
Stanislao, Via Maria Vittoria, 17, 
Torino. 


Italie — Italien — Italy. 


34 Omati ing. Antonio. Direttore dello 
Stabilimento Ansaldo a Sampier- 
darena (Genova), Corso Podesta, 2, 
Genova, 

35 Panetti ing. Modesto, Professore di 
meccanica applicata nellaRa. Scuola 
navale superiore di Genova, Via A, 
Volta 20b. 

36 Parvopassu ing. Carlo, Assistente di 
costruzioni nella R, Scuola per gli 
ingegneri in Roma, Piazza Pilotta 3. 

387 Paterno di Sessa Emanuele, Senatore 
del Regno, Professore di applica- 
zioni della Chimica nella R. Uni- 
versita di Roma. 

38 Perelli ing. Guido, Direttore della 
Associazione utenti Caldaie a 
vapore di Milano, Via Cappuccio 14. 

39 Pesenti Fratelli fu Antonio, Ditta, 
Fabbrica di cementi, calci ecc. ad. 
Alzano Maggiore, (Prov. Bergamo), 
Societa ruinite-Italiana e Fratelli 
Pesenti. 

40 Pinciroli ing. Cherubino, Assistente 
nel R, Istituto tecnico superiore 
in Milano, Via S, Calimero, 15. 

41 Pirelli ing. G. B., Senatore del 
Regno, Capo della Casa Pirelli e 
C, di Milano per l’industria della 
gomma elastica, Milano, Via Ponte 
Seveso 21. 

42 Ragno prof. ing, Saverio, della R. 
Scuola superiore politecnica in 
Napoli, 

43 Rebuffat dott. Orazio, Professore e 

direttore del gabinetto di chimica 

docimastica nella R. Scuola supe- 
riore politecnica di Napoli. 

_ 44 Revere prof. ing. Giulio, Assistente 
nel R. Istituto tecnico superiore di 
Milano. 

45 Ripa di Meana ing. conte Luigi, Sa- 
vigliano, (Piemonte). 


46 Salemi-Pace ing. Giovanni, Professore 
e direttore del gabinetto di Co- 
struzioni nella R. Scuola di Appli- 
cazione per gli ingegneri in Palermo, 
Via Lincoln, 90. 

47 Salmojraghi ing. Francesco, Pro- 

fessore e direttore del gabinetto 
di geologia applicata ai materiali 
da costruzione nel R. Istituto 
tecnico superiore di Milano, Piazza 
Castello, 17. 

Salvadori di Viesenhoff ing, Gia- 
como, Via dei Mille, 5, Torino. 
Salvi ing, Cesare, Ispettore nelle 

ferrovie di Stato, Foligno. 


Sayno ing. Antonio, Professore e 
direttore del gabinetto di costruzioni 
nel R. Istituto tecnico superiore di 
Milano, Via S. Paolo, 21. 

Scuola (Ra.) d’applicazione per gli 
ingegneri, Padova. 

Segre ing. Claudio Direttore dell’Isti- 
tuto sperimentale delle ferrovie 
dello Stato, Roma. 

Societa anonima Fabbrica Calci e 
cementi di Casale Monferrato. 
Societa Anonima italiana Antico 

Ercole & Soci, Roma, 

Societa Anonima Cemento Portland 

dell’ Adriatico, Bergamo. 


Tommaselli, Guiseppe, Genova, Via 
Palestro, 12/7. 

Turchi, Carlo, Ingegnere industriale, 
Ferrara, Via Giovecca, 89. 

Uzielli prof. Gustavo, Direttore del 
gabinetto di geologia nella R. Uni- 
versita di Parma. 

Verole ing, Pietro, .Capo Divisione 
presso le ferrovie dello Stato, 
Roma. 

Zavanella ing. Achille, Corso Vittorio 
Emanuele, 47, Mantova, 
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Japon — Japan — Japan. 


1 Tomoso Shinosaki, Hokkaido Cement Comp., Kamiiso near Hakodate. 


Luxembourg — Luxemburg. 


1 Bian, Emile, directeur des usines de 
Dommeldange et desForges d’Eich. 

2 Brasseur, Léon, 
dange. 

3 Collart J. & Ch, Maitres de Forges, 
Steinfort (Luxembourg). 

4 Franck, Leo, Chef-Chemiker der 
Deutsch-Luxemburgischen Berg- 
werks- und Hiitten-Aktien-Ges. in 
Differdange, 

5 Grcdt, Paul, ingénieur, Luxembourg. 


ingénieur, Dommel- | 


6 LeGallais, Norbert, Maitre de Forges et 
gerant des Forges d’Eich, Luxembrg. 

7 Les Petits-Fils deFrangois de Wendel © 
a Hayange. 

8 Société Anonyme 
haye, Rodange. 

9 Société des Hauts Fourneaux de 
Dommeldange. 

10 Société Anonyme des Hauts-Four- 
neaux et Aciéries de Rummelange81. 
Ingbert, Rumelange, 


d’ Ougrée-Mari- 
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Norwegen. 


Auskunftsbureau Norwegens 
Handel und Gewerbe, Kristiania. 


Baalsrud, A , Abteilungs-Ingenieur der 
kgl. norweg. Wegebaudirektion, 
Kristiania, 

Bahnabteilung der norweg, Staats- 
bahnen, Kristiania. 

Bauinspektorat, kgl. 
Kristiania. 

Bergens Ingenieurwesen, Bergen. 

Boy, G. Conr., Direktor der Aktien- 
gesellschaft Christiania Portland- 
Zementfabrik, Kristiania, 

Carlsen O., Ingenieur, Direktor der 
technischen Schule, Bergen. 

Kristiania Ingenieurwesen, Kristiania. 

Kristiania techn. Schule, Kristiania 

Doxrud, C., Apotheker, Kristiania. 

Geniewaffe, Kgl, norweg., Kristiania, 
Akershus. 

Geologische Landesuntersuchung, 
Kgl. norweg., Kristiania. 

Gunstensen, J. E., Ingenieur, Ober- 
lehrer der technischen Lehranstalt, 
Trondhjem, Nedre Ilen 9,. 

Hafenbau-Direktorat, Kgl. norweg., 
Kristiania. 

Heje, K., Abteilungs-Ingenieur 
Staatsbahnen, Hallingdal. 

Hjorth, Albert, Ingenieur, Kristiania. 


norwegisches, 


der 


Hjorth, Fr., Ingenieur, Direktor, 
Kristiania. 
Ihlen, N. C., Ingenieur, Minister der 


6ffentlichen Arbeiten, Kristiania. 
Jensen & Dahl, J. & A., Myrens 

mech. Werkstatte, Kristiania. 
Jonassen, E., Ober-Ingenieur, Kveerner 

Brug, Kristiania, 
Karljohansverns Werft, Horten. 


Keim, Axel, Ingenieur der kgl, norweg, 
Wegebaudirektion, Kristiania, 
Kolderup, E., Oberstleutnant der kgl. 
norweg. Ing,-Brigade. Kristiania, 
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28 


fur 24 Leuchtfeuer-Direktorat,Kgl. norweg.; 


Kristiania. 

Lund, S, A., Abteilungs-Ingenieur der 
Generaldirektion der Staatsbahnen, 
Kristiania. 

Maschinenabteilung der 
Staatsbahnen, Kristiania. 

Morris Dr., Chefchemiker der Aktien- 
gesellschaft Christiania Portland- 
Zementfabrik, Kristiania. 

Musculus, H., Bauunternehmer, 
tiania . 

Nickelsen, W., Stadtingenieur, Hamar. 

Norwegiseher Zentralverein fiir 
Handwerk u. Industrie, Kristiania. 

Nylands mech. Werstatte, Aktien- 
gesellschaft, Kristiania, 

Saxegaard, M., Abteilungs -Ingenieur 
der Staatsbahnen. Hénefos. 


norweg. 


Kris- 


Schmelck, L.. Stadtchemiker,Kristiania, 

Simonsen, E., Chemiker, Kristiania, 
Handelsgymnasium. 

Skabo, Wagenbauwerkstatte, Skéien 
pr. Kristiania. 

Telegraphenwesen, Kgl. norweg., 
Kristiania. 

Thams & Cie., M., Trondhjem. 

Trondhjems Ingenieurwesen, Trond- 
hjem. 

Trondhjems peentsc he Lehranstalt, 
Trondhjem. 


Toénnessen H., Pere ines: Ingenieu 
der Staatsbahnen, Kristiania. 

Vogt, H. L. J., Professor d. Metallurgie 
an der Universitat, Kristiania, 


Vulkan. mech. Werkstatte, Kristiania, 

Wasserbaudirektorat, Kgl. norweg., 
Kristiania, 

Wegebau-Direktorat Kgl. norweg., 
Kristiania, 

Wetlesen, Thorvald, Ingenieur, 


Kristiania, 
Widerberg, Ing.-Capitain, Kristiania, 
Akershus. 
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Portugal. 


1 Araujo Rato (A. Th, de), fabricant de 
ciment artificiel a Alhandra, Lis- 
bonne, Rua 24 de Julho, 310. 

2 Associacao dos Engenheiros Civis 
Portuguezes. Lisbonne, Praga do 
Commercio, 

3 Baerlein (F.).Ingénieur. Lisbonne, Rua 
da Conceigao, 35—10. 

4. Camara, (D. Vasco M.C. da), Ingenieur 
civil. Quinta da Alagoa, Carca- 
vellos, Lisbonne. 

5 Castanheira das Neves, (J. oe Pi 


Ingénieur civil, directeur des études | 


et essais des materiaux de con- 
struction, Lisbonne Rua do Salitre, 
405. 

6 Direccao de estudos e ensaios de 
materiaes de construc¢ao. Terreiro 
do Trigo. Ala sul, Lisbonne. 

7 Guedes de Queiroz (J.), ingenieur 
civil Lisbonne, Campo dos Mar- 
tyres da Patria, 80. 

8 Joao Lino de Sousa Galvao Jr, 
Ingénieur civil. Lisbonne, 
D, Pedro 5° -—— 109 — 2°. 


Res de| 


9 Juzarte-Caldeira (Carlos Augusto), 
Lieutenant Colonel d’Artillerie, 
Fabrica d’Armas, Lisbonne, 


10 Leproux (André), Dir. général de la 


Cie R, des chemins de fer Portugais 
37, Rua Duque de Palmela, Lis- 


bonne. 

11 Mendes Guerreiro, (J, V.), ingénieur 
inspecteur. général, membre du 
conseil supérieur des travaux 


publics et des mines, Lisbonne, 
Calcada do Sacramento, 14. 


12 Oliveira Bello, (M.de), ingénieur civil. 
Lisbonne, rua D. Carlos, 15, 1°. 


13 Pereira de Sousa, (F. L.), Capitaine du 
Génie.Lisbonne,Rua dos Lagares, 32. 


14 Roldan y Pego (Manuel), Ingénieur 
civil des Mines. Lisbonne, R. 
Rodrigo da Fonseca 18 r/c E, 


15 SallesRamos da Costa(Francisco de), 
Lieutenant Colonel d’Artillerie, 
Directeur de la Fonderie de Canons. 
Travessa do Convento de Jesus 15, 
Lisbonne. 
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Roumanie — Rum4nien — Roumania. 


i Balaban, Emile, Inspecteur général, 
strada Romana No. 118, Bucarest. 

2 Carissi J., Ingénieur aux chemins de 
fer de VEtat, strada Sculpturei 15, 
Bucarest, 

3 Capsa, G., Ingénieur, Directeur de la 
fabrique des Basaltes, soseaua 
Pandurilor, Bucarest, 

4 Ceaicovski E., ing. de l’Etat roumain, 

, Bacau Str. Alexandru-cel-bun 4, 

5 Cerchez, Gr., Ingénieur en chef, 
Acien-Directeur général des Postes, 
Télégraphes et Téléphones, Calea- 
Victoriei No, 197, Bucarest. 

6 Dragu, Th., Inspecteur général, Chef 
du Service des Ateliers et de la 
Traction des chemins de fer de 
l'état Roumain strada Barbu Catargiu 
No, 5, Bucarest. 

_ ¥% Gutzu M. V., Ingenieur aux chemins 
de fer de YEtat, strada Frumoasa 
21, Bucarest, 

8 Marin, Henri, Inspecteur général, 
strada Piata Amzei, Bucarest 

9 Mayer, A., ing.-chem, fabr. de Portl, 
Ciment, Azuga, 

10 Mironesco, C. M., Inspecteur général, 
directeur de "Ecole des Ponts et 
chaussées Calea Grivita No, 182, 
Bucarest, 
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11 Ottolesco, Sc., Inspecteur 
strada Fantanei, Bucarest. 


12 Pfeiffer, Gr, Dr., professeur et chef 
des laboratoires d’essai de l’Ecole 
des ponts et chaussées, 

Radu, E., Inspecteur général, Direc- 
teur du Service des Ponts et 
chaussées, stradaPopa Stet 30, 
Bucarest. 


Romnicianu. M., Inspecteur général. 
Sous- Directeur général des chemins 
de fer de l’Etat Roumain, Bucarest. 


Saligny, A., Inspecteur général, Direc- 
teur général des Services hydrau- 
liques strada Occident No. 15, 
Bucarest. 

Santierul Naval, Turnu-Severin (Rou- 
manie), 

Scoala de Poduri si Sosele, 
Grivitei No. 132, Bucarest. 


Serviciul de Poduri si Sosele al M. 
LaeP.y estrada Michai Voda No. 9, 
Bucarece 


Wolff E.,  Ingénieur 
d’usines de métallurgie, 
Sf. Dumitru 8, Bucarest, 

Zanne, J., Inspecteur général; strada 
Solon No, 3, Bucarest, 


général, 
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constructeur 
strada 
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Russie — RuBland — Russia. 


Abramoff, N., ingénieur des voies 
de comm., directeur du laboratoire 
mécanique de l'Institut Polytech- 

~ nique de Don, Nowotscherkassk. 

Académie du génie militaire de 
1’Empereur Nicolas I, St.-Péters- 
bourg. 

Adadouroff, N., ingénieur, président 
du conseil du génie au ministere 
des voies de communication, 
St.-Pétersbourg, Nadejdinskaya, 31. 

Adametzky, V., Ingenieur der Eisen- 
gieBerei Huta-Bankow, Dombrowa. 


Administration des chemins de fer 
de l’Empire, St.- Pétersbourg, 
Représentant: 
Bogouslavsky, N., ingénieur. 


Administration du chemin de fer 
de l’Asie Centrale, Askhabad. 


Représentants: 
Tscharkowsky, A., ingénieur du 
service de la voie. 
Tolotschko. Z.,ingénieur duservice 
de la traction. 


Administration du chemin de fer de | 
Baskountschak, st. Akhtouba. | 


Administration du chemin de fer. 


de Cathérine, Ekathérinoslaw, 
Représentants, 


Andojsky, D., ingénieur en chef 
de la section technique. 

Andrééff, A., ingénieur adjoint du 
service de la voie. 

Miinzer, A., directeur du labora- 
toire. 

Administration du chemin de fer 
Libau-Romny, Minsk, 


Représentants: 


Ivanoff, J.. ingénieur en chef de 
la section technique du service 
de la voie. 

Efimoff, P., ingénieur-technologue 
de la section technique du 
service de la traction. 
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Administration du chemin de fer 
de Moscou-Brest, Moscou. 
Représentants: 
Viktoroff, G., ingénieur - adjoint 
du service de la voie. 
Pachkowsky, M., ingénieur-tech- 
nologue, ingénieur-adjoint du 
service de la traction. 
Administration des chemins de 
fer Moscou Koursk et de Nijny 
Novgorod, Moscou, 


Administration du chemin de fer 
de l’Empereur Nicolas I, St.- 
Pétersbourg. 

Administration des chemins de fer 
du Nord, Moscou, 

Representants: 

Bajanoff, L., ingénieur - techno- 
‘logue, adjoint du service dela 
traction. : 

Nekludoff, ingénieur du service de 
la voie. . 

Administration des chemins de fer 
de Nord Ouest, St.-Pétersbourg. 


Représentants: a 

Mokriczky, A., ingenieur en chef 

de la section technique du 
service de la voie, 

Stojaroff, J., ingénieur techno- 
logue, ingenieur du service de 
la traction, 

Tschknavoriantze, ingénieur chi- 
miste, directeur du Laboratoire, 

Administration du chemin de fer 

de Perm. j 

Administration des chemins de fer 
de Poléssié, Vilna. 


Représentant: 


Kouzmenko, W., ingénieur en chef 
du service de la voie. 


Administration du chemin de fer 
Riga-Orel, Riga, 
Représentant: 
Boffemel, A., ingénieur des voies 
de comm. 
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Russie — RuBland — Russia. 


Administration du chemin de fer 
Samara-Zlatooust, Samara. 

Administration du ehemin de fer 
de la Sibérie, Tomsk. 


Représentants: 


Ingénieur en chef du service de 
la traction. 

Ingénieur en chef du service de 
la voie. 
Administration des chemins de fer 

du Sud, Kharkow. 
Représentants: 
Schmidt, W., ingénieur en chef 
du service de la voie. 
Skoupewsky, B., ingénieur en chef 
du service de la traction. 
Administration des chemins de fer 
du Sud-Ouest, Kiew. 
Pogrébinsky, M., ingénieur en chef 
du service de matériel, 
Kich, A., ingén, duservice de la voie, 
Yanouchewsky, P., ingénieur du 
service de la traction. 
Administration du chemin de fer 
Syzran-Wiazma, Kalouga. 
Administration du chemin de fer 
de Taschkent, Taschkent. 
Administration des chemins de fer 
de Transbaikal, Irkoutsk. 
Administration des chemins de fer 
Transcaucasiens, Tiflis, 
Administration des chemins de fer 
de la Vistule, Varsovie, 


Representant: 


Belelubsky, A., ingénieur en chef 
du service de la voie. 


Administ ation des Voies naviga- 


bles du bassin d’Amour sibérie de 
l'Est, Blagowestschensk. 

Administration du chemin de fer 
de 1l’Est-Chine et d’Oussouri; 
St. Pétersbourg. 


Représentant: 
Krouglikoff N., ingénieur des voies 
de comm.; St. Peétersbourg, Ita- 
lianskaya 33. 

Administration du chemin de fer 
Moscou-Vindau-Rybinsk; Saint 
Petersbourg, Demidow 1. 

Administration de chemin de fer 
Kowel-Vladimir-Volyne; Kowel. 


Représentants: 


Tschetscheleff C., Ingénieur en chef | 


du service de la voie, colonel du 
corps du génie militaire; Kowel. 
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Fetting V.; Ingénieur en chef du 
service de la Traction, colonel du 
Corps du génie militaire; Kowel. 
Administration des ingénieurs du 
Corps du génie militaire de 
Tiflis; Tiflis, Ingenernaia. 
Administration du chemin de fer 
Riga-Orel; Riga. 
Représentants: 


Verkhowsky A., ingénieur en chef 
du service de la Voie; 
Vinogradoff G., ingénieur en chef 
des Ateliers de Dwinsk, 
Akoronko, T., ingénieur des voies 
de communication, St.-Petersbourg, 
Administration du chemin de fer 
de l’Empereur Nicolas I, 
Akscharoumoff. N., Ingenieur-Che- 
miker, Baku, Zementfabrik. 
Aktiengesellschaft der Rjdasaner 
Maschinenfabrik, Kesselschmiede 
und Eisengieferei, Rjasan, 
Aktiengesellschaft der Sosnovicer 
Rohrenwalzwerke und _ Eisen- 
werke, Sosnovice, Petrik Gouv. 
Aktiengesellschaft fiir Beton und 
andere Bauarbeiten. 


Vertreter: 


Johannsen, R., Ingenieur. Direktor 
der Gesellschaft, Moskau, Mjas- 
nitzkaja, Haus Ermakoff, 

Alphéraky, M., Conseiller 
Taganrog, 

Amberger, G., Ingenieur der Eisen- 
gieBerei Huta-Bankowa, Dombrowa, 

Andrieux, J., directeur de la Cie 
Franco-Russe des ciments Portland, 
Guélendjik prés Novorossisk. 

Antochine, N., ing. technologue et 
ingénieur des v. de comm., membre 
du conseil du génie au min. des 
voies de comm. St.-Pétersbourg, 
Wass. Ostr., 9 ligne, 42 

Astroff, A., professeur a _ 1’Ecole 
Impériale technique supérieure de 
Moscou, Moscou. 

Association professionelle des 
tanneurs du Nord Est, Représen- 
tant: Mr. Grilichess Dwinsk, 

Babaiantze, E., ingénieur des mines, 
St.-Pétersbourg Monetny Dwor. 

Bacmeteff, J., ingénieur, conducteur 
des travaux du port commercial 
de Libau, Libau. 

Baldine, A., ingénieur, 
Kamenskoé. 


d’état, 


Zaporojie- 
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Bary, W., conseiller de manufacture, 
président de la société des usines 
de Neva et de la société des usines 
de ciment ,Asserine“. St.-Péters- 
bourg, Issaakiewskaya 7, 


Baykoff, A., professeur a |’Institut 


Polytechnique a St.-Pétersbourg, 
St.-Pétersbourg, Sossnowka, 

Belelebusky, A., ingénieur en chef 
du service des voies Varsovie, 
administration des chemins de fer 
de la Vistule. 


Belelubsky Mme. (Reinberg, M.), 
secrétaire technique du laboratoire 
mécanique a J’institut imperial 
desing, des yoies.-dé--comm., 
secrétaire de la section russe de 
Association internationale pour 
essai des matériaux, St.-Péters- 
bourg, Bronnitzkaya, 4a, 

Belelubsky, N., Dr.-ingén., pro- 
fesseur émeérite, vice-président de 
l’Association internationale pour 
l’essai des matériaux, membre du 
conseil du génie au ministere des 
voies de comm,, directeur 
laboratoire méc. a J’institut Im- 
périal des ing. des voies de comm., 
St -Pétersbourg, Bronnitzkaya, l4a. 


Beliaéff N., ingenieur-technologue ; 


St, Pétersbourg, Usine de Poutilow. | 


Belzetsky S., ingénieur, professeur ; 
St. Pétersbourg, Basseinaya 1 
Berloff, M., Ingenieur-Technolog, 
Professor am _ Rigaschen Poly- 
technischen Institute, Riga, 
Blaese, O. von, Chemiker, Zement- 
fabrik Port-Kunda, Station Wesen- 
berg der Baltischen Eisenbahn, 
Bobarykoff, professeur a l'Institut 
Technologique de Tomsk, Tomsk. 
Bobrowsky, S., _ lieutenant-colonel 
du corps du_ génie militaire, 
St.-Pétersbourg, perspective de 
Souvoroff, 15. 
Bobylew, D., Professor der Univer- 
sitat, St. Petersburg, Universitat. 
Bogdanoff, N., ingenieur civil adjoint 
au laboratoire mécanique de I’in- 
stitut impérial des ing, des voies 
de comm,, St.-Petersbourg, Wass. 
Ostr, 4me ligne 47, log. 5. 
Bogouslawky, N., ingénieur des 
voies de comm., conseiller d’Etat 
actuel, St,-Pétersbourg, Razjez- 
jaya, 11. 
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‘Boudzinsky, S., 


Botscharoff, P., Miassnitzky proesd 2, 
Moscou. 

lieutenant-général 
du corps du_ génie militaire 
St -Pétersbourg, rue des Officiers, 51- 

Borner A., technischer Direktor der 
Zementfabrik ,Almase“*; Bakht- 
schissarai, Krim. 

Brandt, A., directeur de J’institut 
des ingénieurs des voies de 
communication, professeur, Saint- 
Pétersbourg, Zabalkansky, 9, 

Braumann, Representant der Firma 
yoiderosten*, | Warschau, Kru- 
lewska 27. 

Buhrig, H., Dr., chimiste, directeur 


technique de l’usine de ciment 
Port - Kounda, Wesenberg, ligne 
Baltique du chemie de fer de 


Sud-Oust. 

Bureau central des forges russes, 
St,-Pétersbourg,Potschtamskaya,13. 

Bureau des chimistes Ouraliens, 
Ekaterimbourg, Laboratoire d’Etat. 

Bureau de congrés des techniciens 
et fabricants russes de ciment, 
St.-Pétersbourg, Zabalkansky, 9, 
laboratoire mécanique, 

Representants: 
Belelubsky, N., prof,, Président du 
bureau. 
Suzor, P., comte, vice-président. 
Bogdanoff, N., ingenieur, secrétaire. 

Bureau de construction du pont 

route sur la Vistule, Varsovie. 
Représentant: 

Marschewsky, M., ing., chef des 
travaux. 

Chechmintzeff, L., ingénieur-mé- 
canicien, Diatkowo, gouvernement 
Orel. 

Chtchoukine, professeur a l’institut 
technologique de St.-Pétersbourg, 
membre du conseil du génie au 
ministere des voies de comm., 
St.-Pétersbourg, Zabalkansky, 18. 

Cieschkowsky, Ingenieur der Eisen- 
gieBerei Huta-Bankowa, Dombrowa, 

Ciszewsky, J., ingénieur des voies 
de comm,, St.-Pétersbou'g. Moika, 
40, Adm, du ch. de fer Riazan- 
Oural, 

Comité géologique, St,-Petersbourg, 
4me ligne, Wass. Ostr. 15. 

Représentant: 
Karpinsky, A., professeur émerite 
Président d’honneur du Comité 
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Comptoir Demidoff, (héritiers du 
prince Demidoff San Donato), 
St.-Pétersbourg, Wass.  Ostr., 
4me ligne 61. 


Représentant: 


Toncoff, N., ingenieur des mines. 
Conseil des Congrés des Usines 
metallurgigues des rayons du 


Nord et de la Baltique. St.-Pé- 
tersburg. 
Czarnomsky, W., ingénieur des 


voies de comm., St.-Pétersbourg, 
Kirotschnaya, 32—84, 

Danilewsky, N. de., ing, techno- 
logue, ancien directeur général des 
usines Poutilow, St.-Pétersbourg. 
Fourstadtskaya, 36. 

Depp S., colonel du corps du génie 
militaire, St.-Pétersbourg, Mor- 
skaya, 17. 

Dolgow V., ingénieur-technologue; 
Kharkow, Institut technologique. 

Doubiaga, K., ingénieur des voies 
de comm., adjoint au Laboratoire 
mécanique a l'Institut’ polytech- 
nique de St.-Pétersbourg, Saiut- 
Pétersbourg, Sosnowka. 

Drouginine, S., ingénieur, professeur 
a linstitut Polytechnique, Saint- 
Pétersbourg, Institut Polytechnique, 
Sosnowka, 

Eiger, J., ingénieur, Varsovie, rue 
Foksal 15. 

Ezeleff, G., ing, technologue, Saint- 
Pétersbourg, 4 Rote 7, log. 8. 
Ewald, V., ingénieur civil, St.-Peters- 
bourg, Institut impérial des in- 

génieurs civils. 

Firma ,,Gustayv List‘. 


Vertreter: 


List, V., Ingenieur-Mech , Moskau, 
Sophiaquai. 
Foigt, A., directeur de la société 


métallurgique des Usines Pouti- 
loff, St. Pétersbourg, Panteleimons- 
kaia 14, 

Gagarine, A., prince ancien directeur 
de l'Institut polytechnique impérial, 
St.,-Petersbourg, Fourstadtskaya, 1. 

Gesellschaft der Rigaer Zement- 
fabrik undOlmitthle C.Ch.Schmidt, 
Riga. 

Représentant: 
Wilde, Direktor, 

Gesellschaft fir Zementfabrikation 

amSchwarzenMeere, Noworossisk. 
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Girard de Soucanton E.,, Baron, 
Besitzer der Zementfabrik Port- 
Kounda, St, Wesenberg, Baltische 
Fisenbahn, 

Gololoboff,M.,ingenieur-technologue, 
St.-Petersbourg, Cholkow per., 7. 

Goguel, Th., ingenieur, Biejetza, 
gouv. Orel, 

Graftio, H., ingénieur des voies de 
communication, St, - Pétersbourg, 
Kamennoostrowsky, 24 

Grooten Max., Ingenieur-Technolog, 
St.-Pétersbourg, Italianskaya, 11. 

Grouchetsky N., ingéniecur, St,-Péters- 
bourg, rue P. Woulfowa, 138, 

Guédéonoff, M., colonel du génie 
militaire, Kiew, Arsenal Impérial. 

Guétmanoff, A., propietaire des 
carrieres Koutschuk-Sarai, Yalta 
(Crimée), 

Haller v. Ch., général-major du 
genie militaire, Batoume. 

Herberts, B., directeur général de 
la société métallurgique deJurjevsk, 
St.-Pétersbourg, Kronwersky, 79. 

Hirschson, H., Direktor der Gesell- 
schaft ,Eisenbeton“, St.-Péters- 
bourg, Sapernoi 23. 

Hoffmann, N., ingenieur des voies 
de communication, membre du 
conseil du génie, St,-Pétersbourg, 
Zwenigorodskaya 14, 

Institut des Ingénieurs civils Repré- 
sentant: prof. W. Ewald. 

Instifut des Ingénieurs des voies 
de communication de 1’ Empereur 
Alexandre I, Représentant: prof. 
A. Brandt, directeur de l'Institut. 

Jelislawsky, J., président de l’ad- 
ministration de la fabrique de 
ciment ,Firley“, Lublin, 

Jitkewitsch, N., colonel du- corps 
du génie militaire, S.-Pétersbourg, 
canal de Catherine, 64. 

Jodello, Fr., Ingenieur-Technolog, 
Kiew, Polytechnisches Institut. 
Joukowsky, S., ingénieur des mines, 

St.-Pétersbourg. Gorokhowaya, 62. 

Justus, L., ingénieur des voies de 
communication, Nicolaieff, 

Kalinnikoff, J., ingén.-méc., Moscou, 
Ecole Impériale technique, Labo- 
ratoire mécanique, 

Kamiensky, G., ingénieur, Varsovie. 

Kannegiesser, J., ingénieur des 
voies de communication, St.-Peéters- 
bourg, Sapernoy. 10, 
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Kareischa, S., professeur é l’institut 
impérial des ingénieurs des voies 
de communication, St.-Pétersbourg, 
Zagorodny, 70, 

Karelskich, K., 
niker, Moskau. 

Khitrowo, N., ingénieur-technologue, 
St -Petersbourg, Schpalernaia, 56. 

Khozro-Gadjar, prince ingénieur des 
voies de communication, inspecteur, 
Sossnowice. 

Klemm, v., O., ingénieur de voies 
de comm., St.-Pétersbourg. smar 
lowsky 7 

Kogan, S., head de comm. a l’Ecole 
polytechnique a Riga Moscou, 
Gr. Loubianka, 14. 

Konoptschinsky, A., ingénieur des 
voes de comm,, St.-Pétersbourg. 


Konossewitsch, F., ingénieur des 
voies de comm., St.-Pétersbourg, 
Zabalkansky 9, Laboratoire Meé- 
canique. 

Korobkoff, M., général-major du 
genie milit., St -Pétersbourg, Wos- 
kressensky 7, 

Korssakewitsch, N., 
du génie militaire, membre du 
Comité technique de la marine 
Imperiale, St.-Pétersbourg. 

Kouharsky V., colonel du Corps 
du génie militaire; Kronstadt, 
Yakorny Dwor. 

Kouperstein, B., ingénieur, 
Litowsk, Gouv. Grodno. 

Kriloff, A, inspecteur général des 
contructions navales. St.-Péters- 
bourg, Zwerinskaya, 6—8, 

Kriloff J., colonel du Corps du génie 
militaire, Toula. 

Kroupsky,A., professeur de l'Institut 
technologique a St.-Pétersbourg, 
St.-Pétersbourg, Bronnitzkaya 22. 

Laboratoire du chemin de fer Libau- 
Romny, Minsk. 


Ingenieur, Mecha- 


géneéral-major 


Brest- 


Représentant: 
Knappe. ing., Directeur du Labo- 
ratoire. 

Laboratoire chimique a 1’Institut 
Impérial des ingénieurs des voies 
de communication, St.-Péters- 
bourg, Zabalkansky, 9, 


Représentant: 
Sapojnikoff, A., professeur, direc- 
teur du laboratoire, 
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Laboratoire Mécanique a 1’Institut 
Impérial des ingénieurs des voies 
de communications, St.-Péters- 
bourg, Zabalkansky, 9. 


Représentants: 


Belelubsky, N., professeur, direc- 
teur, du laboratoire, 
Bogdanoff, N., ingénieur civil. 
Nowgorodsky, D., ingénieur. 
Laboratoire Mécanique de la Var- 
sovie. 


Représentant: 
Moscicky, ingénieur, 
Dobra 27. 
Laboratoire mécanique de l’Arsenal 


Impérial de St.-Pétersbourg. 
St.-Pétersbourg. 


Laboratoire Mécanique 4a 1’Institut 
Polytechnique de Don, Nowot- 
scherkassk., 


Représentant: 


Abramoff, N., directeur du labo- 
ratoire. 
Laboratoire Mécanique 4a 1 Institut 
Polytechnique de Kiew, Kiew. 

Laboratoire mécanique a 1’Ecole 
des Beaux-Arts, Moscou, Miass- 
nitzkaya. 


Varsovie, 


Repreésentant: 


Lachtine, N., directeur du Labo- 
ratoire, 

Laboratoire mécanique a 1’Ecole 
Impériale des ingénieurs des 
voies de communication. Moscou 
Bacmetiewskaya, 


Représentant: 
Proscouriakoff, prof,, directeur du 
laboratoire, 
Lamine, N., prof. adjoint a l’institut 
des ing. des vois de comm., 
St -Pétersbourg, Fontanka, 128. 


Landau, J., ingénieur de la société 
de. Batignolles, St.-Pétersbourg. 
Fontanka 4. 


Lata, ingénieur des voies de comm., 
Kharkow, direction des travaux du 
chemin de fer du Nord-Donetz. 

Lebedinsky, A., ingénieur, membre 
de conseil du génie au ministere des 
voies de communication, St.-Péters- 
bourg, 2 Rojdestwenskata, 10. 

Lewinson-Lessing, E., Professor an 
dem Polytechnischen Institut in 
St.-Pétersbourg, Sossnovka, 
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Lewschine A., ingénieur des voies 
de comm.; ch. ~de fer- Samara 
‘Ziatvoust, station Abdoulino, 

Lieven, O., Dr., directeur technique 
de l’usine de ciment, Noworossisk, 

Lieven, V., chimiste, directeur de la 
société de l’usine de ciment No- 
worossisk, Riga. ; 

Likhatscheff, P., colonel du corps 
de génie militaire, St.-Pétersbourg, 
quai Mitninskaya, 5-2. 

Liphart, E., directeur de la société 
Cement. F.5 Liphart et Co.*, 
Moscou, Miassnitzkaya, 59. 


Loesch, W. von, Chemiker, Direktor 
der Cementfabrik » Asserine“, 
Station .Sonda* der Nord-West- 
Eisenb. Cementfabrik, 


Loleit, A:, Bauleiter der Aktien- 
gesellschaft fur Beton- und andere 
Bauarbeiten, Moskau, O/‘chows- 
kaya 6, 

Malkine, R., St.-Pétersbourg, 
Pouchkarskaya, 58b, 

Maluga, J., général-major, professeur 
a l’Académie du geénie militaire, 
St.-Petersbourg, Newsky. 182. 

Materialpriifungsstation des Poly- 
technischen Institutes Kaisers 
Nikolaus II., in Warschau, 


Représentent: 
V. Meyer, Ingenieur - Technolog, 
Warschau. 
Mauve L., 


Gr. 


Besitzer der Portland- 


Cementfabrik ,Klucze*, Sielce bei 
Sossnowitz, Warschau - Wiener 
Eisenbahn. 


Maximowitsch, N., ingénieur des 
-voies de communication, St.-Péters- 
bourg, Wladimirskaya, 19. 

Menchouthine, B., assistant au La- 
boratoire chimique de _ 1’Ecole 
Polytechnique a St.-Pétersbourg. 

Meyer, V., Ingenieur an dem kaiser- 
lichen Polytechnikum, Warschau. 

Michalowsky, O., ingénieur; Moscou. 

Mischke, ingénieur, Varsovie, Jourav- 
linaya, 16. 

Mieschkoff, A., ingénieur des voies 
de comm: . Varsovie, gare du 
chemin de fer de Terespol. 

Mitinsky, N., Ingenieur-Professor am 
kaiserlichen Elektrotechnischen und 
am Wegbau- und Civil-Ingenieur 
Institut, St. Petersburg. 
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Mirkowitsch, A., ingénieur des voies 
de comm., St.-Pétersbourg, Razies- 
jaya 8. 

Modestow N., ingenieur; St. Péters- 
bourg, Pouschkinskaya, 10, 

Moskauer Aktiengesellschaft fiir 
Fabrikation von Cement und 
anderen Baumaterialien; Moskau. 


Nekrassow, W., ingenieur diplomé, 
St.-Pétersbourg, Demidoff per., 1. 

Olguine, P., ingénieur, adjoint au 
laboratoire mécanique de l’Ecole 
Imperiale des ingénieurs a Moscou; 
Bakhmetewskaya. 

Olschewky, S., ingenieur des voies 
de communication, St.-Peétersbourg, 
Zabalkansky, 20. 

Pastoukoff, D., Rostow s, Don. 


Perard, Direktor der Eisenhitte der 
DonetzgesellschaftinDrouchkowka, 
Stideisenbahnen. 

Perraudin, Th., Ober-Ingenieur der 


EisengieBerei Huta - Bankowa, 
Station Dombrowa, Warschau- 
Wiener Eisenbahn. 

Perrimonde, ingénieur civil, St.- 


Peétersbourg, Institut des Forrestiers. 

Person, B., ing. diplomé, ing. des 
voies de comm.,, St.-Pétersbourg, 
2. Rojdestwenskaya, 5. 

Petroff, N., membre du Conseil de 
l’Etat, membre honoraire du Conseil 
du ministere des voies de comm., 
ingénieur-général du genie militaire, 
St.-Pétersbourg, Zagorodny, 70. 

Philippeo, M., Ingenieur, Hafenbau- 
ingenieur, Bakou, 

Philossophoff, P., Ingenieur-Tech- 
nolog, St. Petersburg, Plutalowa- 
Strafe, 12. 

Piwkowsky, Th., ingénieur et chef 
de section des ponts et chaus- 
sées, Radom, station du chemin 
de fer de Vistule, 

Pogrébinsky, M.. ingenieur, Kiew, 
Administration des chemins de fer 
du Sud-Ouest. 

Pokrowsky, S., ingénieur civil, 
St.-Petersbourg, Podolskaya 42. 
Polytechnisches Institut zu Kiew.- 

Repres.: Prof, Dementjeff. 

Portlandzement-Fabrik ,Klucze“, 
Gouvernement Kielze,Kreis Olkusch, 
Poststation Olkusz. 

Représentant: 
Jelislavsky, directeur de l’usine. 
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Proscouriakoff, L., ingénieur, pro- 
fesseur a l’école imperiale des 
ingénieurs, Moscou, per. Bac- 
metewsky 15. 

Rachewsky, P., ingenieur des voies 
de comm, Moscou, Twerskaya, 40. 

Redko, A., Directeur de la Monnaie 
de St.-Pétersbourg, ingenieur des 
mines, St.-Pétersbourg. 

Reichmann, S., ingénieur Moscou, 
Marosseika, per Kosmedémiansky, 
Maison Tschernoff. 


Rigasches Polytechnisches Institut, 
Riga, Thronfolgerboulevard, 19. 


Ringel E., Direktor der Zement- 
und Kalkwerke Liphart, Station 
Schtschurowo, Moskau - Kasan- 
Eisenbahn. 

Rosanoff, P., professeur a 1’Ecole 
technique imperiale a Moscou, 
Moscou. 


Russischer kaiserlicher Architekten- 
Verein, St. Petersburg Moika 83. 


Représentant: 


Graf von Suzor. 

Rutzky & Cie., K., Gesellschaft der 
Maschinenfabrik und Eisengieferei, 
Warschau, Fabritschnaia 3. 

Sakharoff, P., capitaine, adjoint a 
Académie du genie militaire, 
St.-Pétersbourg. Académie. 


Salkind, A., ingenieur des voies 
de comm., St, - Pétersbourg, 
Newsky, 111. 

Saloff, B., ingénieur. membre du 


Conseil de l’Etat menibre honoraire 
du Conseil du génie au ministere 
des voies de communication, con- 
seiller privé actuel, St.-Petersbourg, 
Nadejdinskaia 3. 

Savrimowitsch J., colonel du Corps 
du génie militaire; Kronstadt, 
Nicolaewskaya, 51. 

Schilling, Th., Chefchemiker der 
Moskauer Aktiengesellschaft fur 
Fabrikation von Zement, Podolsk 
(gouv. Moscou), 

Schmelling L., ingénieur civil, St.- 
Pétersbourg, rue des Offiziers, 36. 

Schule fiir feuerfestes Bauwesen, 
Nowgorod. 


Représentant: 


Skatschkoff, Direktor. 
Schwarz, E., candidat chimiste, 
fabrique de ciments, Noworossisk. 
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Service du contrOdle et de la recep- 
tion des commandes du Ministére 
des  voies de communic., 
St.-Petersbourg, 4 Rotte, 14. 

Schafranko C., 
l’essai des matériaux, 
bourg, Usine Poutiloff. 

Sigriste, ingénieur en chef de la 
section technique des chemins de 
de fer de Polessié; Vilna. 


ingénieur pour 
St.-Péters- 


Sissoeff, S., ingenieur des voies de 
comm., St.-Pétersbourg, Serpouk- 
howskaya, 3. 

Société russe des Usines de con- 
struction de machines Hartmann. 


Société des usines de Maltzeff, 
Diatkowo, gouv. Orel. 

Société de l’usine métallique de 
Moscou, Moscou. 

Société des usines Franco-Russes, 
St.-Pétersbourg Priajka 17. 


Société des ingénieurs civils, 
St.-Pétersbourg, Serpouchows- 
kaia 10. 


Sokoloff, N., représentant du comp- 
toir ,Wogau & Co.“, St.-Peters- 
bourg, Galernaia, 11. 

Solodownikow P., Ingénieur-Tech- 
nolog, Assistent a, d. Material- 
prifungsanstalt am Polytechnikum 
zu Nowotscherkassk, Nowotscher- 
kassk, 

Solovieff, G., ingén., prof. a Vin- 
stitut imperial des ing. civils 
St.-Pétersbourg, 1€re Rotta, m. 8. 

Spahn, E., Ingénieur, Representant 
der Firma W. Braun, Nachfolger 
K.  Spahn,  St.-Petersburgy it 
Konuschennaya. 

Sserebrowsky, W., Professor, In- 
genieur, Vorsteher desMechanischen 
Laboratoriums des Kaiser Ale- 
xander III. technologischen Instituts. 
Kharkow. 

Stecewicz, J., ingen. des voies de 
communication:  St.-Pétersbourg, 
5, Rojdestwenskaya, 16, 


St. Petersburger Polytechnischer 
Verein, St.-Petersburg, Demidoff, 1. 


Représentant: 
Krusenstern, Ingenieur. 


Stolaroff, J., Ingenieur technologue, 
assistant de l'Institut technologique 
de Kharkow, Kharkow. 


Russie — Rufsland — Russia. 


232 Stoulguinsky, W., ingenieur des Représentant: 
voies de comm., directeur du | 246 Loesch, W. v., directeur de l’usine. 
chemin de fer de Cathérine.| 247 Usine de ciment de Seifert, Volsk 
Ekathérinoslaw. s. Volga. 

233 Strauf, A., Bergingenieur, Kiew,| 248 Vakhowsky, S., ingénieur-techno- 
Kriepostnoy, 4. logue, St.-Pétersbourg, Fontanka58. 

234 Suzor, P. de, comte, académicien,! 249 Wassiutinsky, Ingenieur der Huta 
St.-Pétersbourg, ligne des Cadets, 21. Bankowa, Station Dombrowa der 

235 Svieréline, M., ingenieur des voies Warschau-Wiener Eisenbahn. 
de comm., Koungour, gouv, Perm. | 250 Wélicanoff, M., ingénieur, Kratt- 

236 Szczeniowsky, S., ingenieur, chef noyarsk, Sibérie. 
du laboraroire mécanique de la 251 Wélikhoff, P., ingénieur, Moscou, 
ville de Varsovie, Varsovie, Ecole impeériale des ingénieurs des 
Dobra 42. voies de communication. 

237 Taguéeff, G., ingénieur des voies | 252 Welitschko, M.,_ ingénieur-techno- 
de comm., St.-Pétersbourg, Zabal- logue, St.-Pétersbourg, 4 Rote 5. 
kansky 9, laboratoire mécanique. | 253 Weriga, A., métallurgiste en chef 

238 Tichanoff, J., ingénieur technologue, de l’usine Poutiloff, St.-Pétersbourg. 
Ekaterinoslaw, usine de Briansk.| 254 Wigoura, V., ingénieur de la Direc- 

239 Tolmatscheff. M., Chemiker, Wolsk, tion des chemins de fer en con- 
Gouvernement Saratow. structions, St. - Péetersbourg, 2 

240 Tourzewitsch, J., ingénieur, direc- rotte 10. 
teur du chemin de fer de Empereur | 255 Wolkoff, W., ingenieur, des voies 
Nicolas I., St.-Pétersbourg. de comm., St.-Pétersburg, Zer- 

241 Tschapliguine, W., chef des voies kownaya, 28, 
de communication de l’arron-| 256 Worobieff, inspecteur des chaudieres, 
dissement de Moscou, Moscou, ingenieur; Nijni-Nowgorod. 
Tschisti Proudi. 257 Woropaeff,M.,ingénieur, adjointal’In- 

242 Tcheng-Hang, ingénieur, Paris 104, stitut Polytechnique de Kiew. Kiew. 
Boulevard Jordan. 258 Zdziarsky, A., ingénieur des voies de 

243 Treniichine V., ingénieur des voies comm., St.-Pétersbourg, Fontanka, 
de comm.; St.-Pétersbourg, Hotel 116. 
du Nord. 259 Zelm, J, Ingenieur-Chemiker, Riga, 

244 Tschernoff, D., professeur, conseiller Zementfabrik. 
d’Etat actuel, St, - Pétersbourg, | 260 Zernoff, D., professeur a _ l/'In- 
Pessotschnaya, 25. stitut technologique, St.- Péters- 

245 Usine de ciment , Alliance‘, Rostow bourg, 

s. Don. | 261 Zwolinsky, N., Direktor der Donetz- 
Usine de ciment , Asserine“, station | Gesellschaft der Eisenhiitte in 
Sonda, chemin de fer de Nord-| Drouschkowka, St. Petersburg, 
Quest. Theatralny Platz 106. 
Finlande — Finland — Finland. 
1 Aartowaara, G. A., Ingenieur, Kuopio.| 5 #rosterus, Th., Adjoint des Bahn- 


2 Ahonen, A., Generaldirektor der Fin- 


3 Castrén, Jalmar, 


landischen Staatseisenbahnen, 
Helsingfors, Hagasundsgatan 6. 
Ingenieur, Lehrer 
an der Technischen Hochschule, 
Helsingfors. 


4 Engstrém, C. A., Disponent der Schiffs- 


docke, Helsingfors. 
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direktors bei den Staatseisenbahnen, 
Helsingfors. 


6 Granfelt, A., Bahndirektor der Staats- 


eisenbahnen, Helsingfors, Haga- 


sundsgatan 6. 


7 Grunér, A., Ingenieur, Helsingfors. 


8 Haartman, 


Berndt von, Ingenieur, 


Uleaborg. 


1 


2 MilaSinovi¢é, M., Vize-Direktor 


Sérbie — ‘Serbien — Servya: 


Jernvagsstyrelsen i Finland (Die Ver- 
waltung der Staatseisenbahnen in 
Finnland), Helsingfors. 

Julin, Lindsay von, Disponent, Fiskars. 

Lilius, Hugo, Ingenieur, Helsingfors, 

Lindberg, Karl, Ingenieur, Helsingfors, 

Lisitzin, G., Bergingenieur, Wiborg, 
Alexandersgatan 11. 

Lénnrot, O., Ingenieur, Helsingfors. 

Nyberg, O.F., Oberingen., Helsingfors. 

Nystrém, G., Professor, Helsingfors. 

Orrmann, O. A., Ing., Helsingfors. 

Ofverstyrelsen for Vag- och Vatten- 
Byggnaderna, (Die Oberverwaltung 
der Wege- und Wasserbauten), 

. Helsingfors. 

Ornhjelm, Ingenieur, Helsingfors. 

Pohjanpalo, S.,Ingenieur, Helsingfors. 

Qvist, E., Staatsrat, Helsingfors. 


22 
23 


24 
25 
26 


27 
28 


29 
30 
31 
32 


33 


Rejman, K, O., Ingenieur, Helsingfors, 
Roschier, R., Adjoint des Bahndirektors, 

St. Petersburg. 

Saraoja, Ingenieur, Helsingfors. 

Simberg, Paul, Ingenieur, Helsingfors. 

Séderman, Karl, Ingenieur und Dis- 
ponent der Maschinen- u. Bricken- 
bau-Gesellschaft, Helsingfors. 

Suier, K. K. Ingenieur, Helsingfors. 

Tallgren, Ingenieur, Wiborg. 

» leknikern ‘, Zeitschrift, Helsingfors. 

Vertreter: 

Holmberg, C. E., Professor. 
Technische Hochschule, Helsingfors. 
Tekniska Foreningen, Helsingfors. 
Tschepurnoff, Generaldirektor, Hel- 

singfors. 

Wessberg, K. R., Ing,, Helsingfors. 


Serbie — Serbien — Servia. 


Kleritsch, Staatsrat i, P., Belgrad. | 
der 
kgl. serbischen Staatseisenbahnen | 


i, P., Belgrad. 


3 
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Todorowitsch, W.. Universitatspro- 
fessor, Belgrad, 


10 


19 


} Dillner, G, 


Suede — Schweden — Saadeel 


Akerman R., Generaldirektér, Djur- 
garden, Stockholm. 


Alimanna Svenska Elektriska, A, B., 
Vesteras. 

Alpha, A. B., Smalandsgatan 30, 
Stockholm. 

Andersson, E., Lektor, Tekniska 


Hoégskolan, Stockholm. - 


Arcus, Cement- o. Betonbygenadsbo- 
laget, Smalandsgatan 17, Stockholm, 


Bergendal, T., Disponent, Avesta. 


Bergsunds Mek. Verkstads Aktie- 
bolag, Stockholm, 


Bjorneborgs Jernverks Aktiebolag, 
Bjorneborg, Wermland. 


Blume, G. A., Ingeniér, Vesteras, 
Bofors-Gullspang, A. B., Bofors, 
Bolin, K., Ingeniér, Falun. 

Braune, Hj., Ingeniér, K. Tekn. Hégs- 


kolans Materialprofningsanstalt, 
Stockholm. 

Brinell, J. A., Ofveringeniér, Jern- 
kontoret, Stockholm. 

Boéck,N.S. son, Ingeniér, Karlavagen 26, 
Stockholm. 

Cronquist, G. W., Ingeniér, Hyllingen 
grufva. 

Bergsingeniér, Avesta 
Jernverk, Avesta. 

Diesels Motorer, A. B., Stockholm 1. 

Enblom, G., Major, Odengatan 67, 
Stockholm, 

Enstrom, A., Civilingenior, Elektriska 
Préfningsanstalten, Stockholm, 
Fagersta Jernverks Aktiebolag, 

Fagersta. 
Forssell, C., Civilingeniér, A. B., 
Vattenbygenadsbyran, Stockholm. 
Fraenell, C., Civilingeniér, Kungl. 
Jarnvagsstyrelsen, Stockholm, 
Franckel, E., Generalkonsul, Drott- 
ninggatan 86, Stockholm. 


24 


25 


26 


2d 


46 
47 
48 
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Grondahl, Gust , Dr., Ingeniér, Djurs- 
holm, 

Hallgren, J. O., Ofveringeniér, Skanska 
Cement A. B, Limhamn. 


Hansen, F., Ofverste, Arsenalsgatan 2, 
Stockholm, 


Heidenstam, G., von, Ingenidr, K. 
Jarnvagsstyrelsen, Stockholm, 
Herlenius, Aug., Disponent, Storfors, 

Hofors Aktiebolag, Hofors. 

Hager, C., Yrkesinspektér, Jonképing, 

Jernkontoret, Stockholm. 

Johansson, Arvid, Ingeniér, Sand- 
vikens Jernverks A. B., Sandviken, 


K. Tekn. Hégskolans Materialprof- 
ningsanstalt, Stockholm. 


Kjellberg, J. C. son., Bankdirektor, 
Skandinaviska Kredit A. B., Stock- 
holm. 

Kjellin, F. A., Dr., Ingenidér, Sturegatan 
56, Stockholm. 

Kjellstrém, O., Direktoér, A,B. Skanska 
Cementgjuteriet, Stockholm. 

Kreuger, Ivar, Ingeniér, Vasagatan 15 
und 17, Stockholm, 

Lamm, F.H., Ingeniér, Géteberg. 

Larson, A., Direktér, Liljeholmens 
Stearinfabrik, Stockholm. 


Laval, G. de, Dr. Ingeniér, Rosenbad 2, 
Stockholm. 


Lindberg. L. U,, Direktér, Kohlswa, 

Lindmark, T., Ingenidér, A. B. Ang- 
turbin, Jarla, 

Lindstrém, S., Ingeniér, Goteborg. 

Linton, Otto, Byraingenidér vid Statens 
Jarnvagar, Stockholm. 

Nobel, L., Ingeniér, Djursholm. 

Nydqvist, H., Ingeniér, Trollhattan, 

Robson, T., Disponent, Bredsjo. 


Roos af Hjelmsater, J. O., Ingenior, 
K. Tekn. Hégskolans Material- 
profningsanstalt, Stockholm. 


Suede — Schweden — Sweden. 


49 Rooth, T., Ingeniér, Surahammar. 
50 Sandvikens Jernverks A. B., Sand- 
viken, 

51 Scharengrad, W. de, Ingeniér, Lomma. 
52 Sjoholm, A., Ingenidér, Lesjéfors, 

53 Stockholms Stads Byggnadskontor, 
Stockholm, 

Svedberg, I., Ofveringenieur, Héganiis- 

Billesholms A, B., Héganas. 


Svenska Teknologféreningen, 
Jakobsgatan 19, Stockholm, 


54 


55 
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56 Uddeholms Aktebolag, Uddeholm. 
57 Wahlberg, A., Direktér, Fagersta, 
58 Walhberg, G., Kapten, Bofors, 


59 Widell, A., Ofveringenieur, Mellersta & 
Norra Sveriges Angpannef6rening, 
Stockholm. 


60 Wijkander, A,, Professor, Géteborg. 


61 Ward, A., Ingeniér, Odengatan 39, 
Stockholm. 


Suisse — Schweiz — Switzerland. 


1 Abt, R., Ingenieur, Luzern. 

2 Aktiengesellschaft der Maschinen- 
fabrik von Theodor Bell & Cie., 
Kriens. 

3 Aktiengesellschaft Brown, Boweri & 
Cie., Baden, 

4 Aktiengesellschaft Alb. Buss & Co., 
Geselischaft f. Eisenkonstruktionen, 
Wasser- und Eisenbahnbau, Basel. 

5 Aktiengesellschaft der Maschinen- 
fabriken von Escher, Wyss & Co., 
Zurich. 

6 Aktiengesellschaft der Eisen- und 
Stahlwerke von Georg Fischer, 
Schaffhausen, 

7 Aktiengesellschaft der v. Moos’schen 
Eisenwerke, Luzern. 

8 Amsler-Laffon, J. & Sohn, 
schinenfabrik, Schaffhausen, 


Vertreter: 
Amsler, Dr. A, 
9 Bergwerksverwaltung Kapfnach, 
(Ziirich), 
Brosi, U., a, Oberférster, Luterbach. 
Direktion der eidg. Bauten, Bern, 


Vertceter; 

Flickiger, A., Direktor. 

Direktion der Rhatischen Bahnen, 
Chur. 

Direktion des Technikums Winter- 
thur. 

Dommer, A., ingénieur, professeur a 
l'Université, Lausanne. 

Du Pasquier, Louis, Directeur de la 
Societe des Usines de Grandchamp 
et de Roche a Grandchamp pres 
Veytaux. 

Egloff, J., Ober-Ingenieur der Schweiz, 
Bundesbahnen, Kreis IV, St. Gallen. 

Eidg. Artillerie - Versuchsstation, 
Thun. 

Vertreter: 

Roth, A., Oberst. 

18 Eidg. Geniebureau, Bern. 

19—-21 Eidg. Materialpriifungsanstalt 

am eidg. Polytechnikum, Zurich, 
Leonhardstrafe 27, 


Ma- 


16 
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Vertreter: 


Schiile, F., Professor am eidg. Poly- 
technikum, Direktor der Material- 
prufungs-Anstalt, Ztrich, 

Zschokke, B., Adjunkt des Direktors 
d, Materialpriifungs-Anstalt, Ziirich. 

Brunner, Ed., Abt.-Vorsteher fir die 
mech.-techn, Arbeiten der Material- 
prufungs-Anstalt, Zurich, 

22 Eidg. Munitionskontrolle, Thun. 

Merinete rs 

Ziegler, Hch., Hauptmann, Chef. 

23 Eidg. Oberbauinspektorat, Bern. 

24— 27 Eidg., Polytechnikum, Ziirich, 
4 Vertreter. 

28 Eisenwerk -Aktiengesellschaft Bof- 
hard & Co., Nafels, 

29 Elskes, E., Ingénieur, Directeur de la 
Fabrique suisse de ciment port- 
land St. Sulpice (Neuchatel), 

30 Feer, M., Portlandzement-Fabrikant, 
Frauenfeld, 

31 Frey, Rudolf, Direktor der Cement- 
kalkfabrik R. Vigier, A.-G., Luter- 
bach bei Solothurn. 

32 Gebr. Gresly, Martz & Cie , Zement- 
und Kalkwerke, Liesberg, Kt, 
Bern. , 

33—36 Generaldirektion der Schweiz. 
Bundesbahnen, Bern. 

4 Vertreter, 

37 Gesellschaft ehemaliger Studierender 
der eidg. polyt. Schule, Zurich. 

38 Gotthardbahn-Direktion, Luzern. 


39 Grubenmann, U., Dr., Professor am 
eidg. Polytechnikum, Ztirich, Eid- 
mattstraBe 55. 

40 Gugler, K., Ingenieur, 
BergstraBe 18. 

41 Huber-Werdmiiller, P.E., Maschinen- 
ingenieur, Ztirich, Wartegg. 

42 Jura Zementfabriken, vorm. Zur- 
linden & Co., Aarau, 

43 Klein, R., Ober-Ingenieur fir Kessel- 
bau bei Gebr. Sulzer, Maschinen- 
fabrik, Winterthur. 


Ziirich, V, 


Suisse — Schweiz — Swiizerciana. 


Kriegstechnische Abteilung  des/| 
schweiz. Militar-Departements, 
Bern. 

Vertreter 

Miller, Ed., Oberst. 

Landolt, A., Dr,, Fabriksbesitzer, 
Zofingen. 

Locher & Cie., Ingenieurbureau und 


Bauunternehmung fur Hoch- 
Tiefbau,. Ztirich, Thalgasse 10. 

Lunge, G., Dr., Professor am. eidg. 
Polytechnikum, Zurich, Stein wies- 
straBe 40. 


Maillart, R., Ingenieur, in _ Firma 6 
Maillart & Cie., Ingenieurbureau, | 
Zurich, HochstraBe 60. 


Marti, Fritz, Aktiengesellschaft, techn. 
Bureau, Bern, 

Meier, R., Direktor der L. v. Roll’schen 
Eisenwerke, Gerlafingen. 

Morlot, von, eidg. Ober-Bauinspektor, 
Bern. 

Moser, R.,Dr., a.Ober-Ingenieur,Zurich, 

' V, FeldegegstraBe 69. 

Miller-Fischli,H., Direktor der Papier- 
fabrik a. d. Sihl, Zurich. 

Narutowicz, G., Ingenieur, 
am eidg. Polytechnikum, Zurich, 
Sonnhaldenstrafe 3. 

Naville, G., 
kon (Ziirich). 


Perrier. L.. architecte, Conseiller d’Etat, | 


Neuchatel. 
Portlandzement-Fabrik  Dittingen, 

Aktiengesellschaft, Dittingen bei 

Laufen (Bern). 
Rohn, A., Ingenieur, 


Professor am 


Eidgen. Polytechnikum in Zurich, | 


IV OttiberstraBe 21. 
RofShandler, Jos., Ingenieur, Direktor 
der Aktiengesellschaft Alb, Buf & 
Co., 
Ruhoff, E., Chemiker, 


priifungs-Anstalt, Professor am eidg. 
Polytechnikum. Zurich. 

Schrafl, Ant., Direktor der Gotthard- 
bahn, Luzern, 


und | 


Professor | 


Ingenieur, Oberst, Bendli- 


Basel in Graz. Leschgasse 2. | 
Ponte Chiasso. | 
Schiile, F., Direktor der eidg. Material- | 
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Schweizerische Bundesbahnen, Kreis 
II, Zurich, 
Vertreter: 
Metzger, H., Kreisdirektor, 
Schweizerische Bundesbahnen, Kreis 
IV, St. Gallen, 
Schweizerische Lokomotiv- und 
Maschinenfabrik, Winterthur. 
Schweizerischer Ingenieur- und 
Architektenverein, Zurich. 
Schweizerischer Verein von Dampf- 
kesselbesitzern Zurich. 
Schweizerischer Ziegler-Verein. 
Schweizerische Xylolith-(Steinholz-) 
Fabrik, Wildegg. 
Steinbrunner, A., Direktor, 
RieterstraBe 48. 
Stodola,A..Dr.,Professoram eidg. Poly- 
technikum, Zurich, V, Freiestr. 62. 


Zurich I, 


72 Sulzer, Gebriider, Maschinenfabrik. 
Winterthur u, Ludwigshafen a, Rh, 
73 Technische Abteilung des Schweiz. 


Eisenbahn-Departements in Bern. 
Vertretver 
Winkler, R., technischer Direktor. 


Technische Prifanstalten des 
Schweiz. Elektrotechn. Vereins. 
Zirich, UL. HardturmstraBe 20. 

Travios, E, C., Ingenieur, Euler- 
straBe 9, Basel. 

Vallette, A. E., Ingenieur, in Firma 
Wartmann & Vallette, Konstruk- 
tionswerkstatte, Bruge, 

Vassaux, Ernest, Directeur des Usines 
du Furcil a Noiraigue, 

Verein schweizerischer Zement-, 
Kalk- und Gipsfabrikanten. 3 

Verein schweizerischer Maschinen- 
Industrieller, Ziirich. 

Walter, Ernst & Cie. 

Walther, J., Zivilingenieur, 
Gryphenhtibeliweg 10. 

Weber, A., Professor am eidg. Poly- 
technikum. Ziirich, Palmengasse 10. 

Weif P., Dr., Professor am eidg. Poly- 
technikum, Ztirich, [V., Universitats- 
straBe 86. 


Winterthur. 
Bern, 
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INVESTIGATIONS ON THE BRINELL OoOg 
O METHOD OF DETERMINING HARDNESS, 
By Harold Moore B. Sc., Woolwich Arsenal, England. 


The application of the ball-hardness test in the Research 
Department of the Royal Arsenal, Woolwich, to test pieces of widely 
varying size and shape, and at many points in the same test 
piece, has rendered necessary the determination with some care 
of the limiting conditions of the test. The work described below 
was accordingly undertaken to determine 1. the minimum thickness 
of test piece, 2. the minimum distance of impression from edge 
of test piece, which may safely be employed, 3. the approximate 
error introduced by exceeding the limiting conditions determined 
in 1 and 2. 

The numerous tests, made on several different materials, 
with load and diameter of ball both varying through a consider- 
able range, have afforded a means of checking the conclusions 
of other workers as to the effect of variation in load and dia- 
meter of ball upon the hardness number. The results obtained 
have led to the suggestion of a new method of calculating the 
hardness number. 

All the tests were made in a 4000 kg multiple lever machine. 
The load was slowly applied and maintained for 10 seconds at 
the maximum reached. The impressions were measured by means 
of a measuring microscope reading to 0°:001 millimetre; the dia- 
meter of impression given is in each case the mean of two 
measurements, of diameters at right angles to each other. The 
test plates were planed smooth on both faces; the face in which 
the impressions were made was polished. During the loading the 
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test plate rested on a polished plate of hardened steel. The dia- 
meters of the balls used in the tests were 5, 10 and 15 milli- 
metres. A 4mm-ball was used in testing the uniformity of hard- 
ness of some of the materials. 


1. Minimum thickness of test piece. 


The method employed was to make hardness measurements 
with successively increasing loads, upon two plates of the same 
metal, one much thicker than the other, until a difference, due 
to the insufficient thickness of the thin plate, was detected. By 
using balls of different sizes with the same thickness of plates, 
the author hoped*to determine the limiting size of impression at 
different angles of impression. As in most investigations of methods 
of hardness measurement, the chief difficulty met with was the 
variation in the hardness of the same piece of metal from point 
to point. It must indeed be placed to the credit of the Brinell 
method that it has revealed a hitherto unsuspected variation of 
hardness in masses of metal which might be expected to be of 
uniform hardness. It was considered preferable to make each 
loading at an undisturbed point of the surface; the tests of series A 
were carried out in this manner. 

In order to eliminate as far as possible the effect of variation 
of hardness, series B tests were made by successive loadings of 
the test piece at the same point, with increasing load. Another 
set of materials was used for this series of tests. 

Series A tests were carried out on discs cut from pontha bar 
80 mm diameter, of rolled brass annealed at 570°—580° C., and 
of mild steel, and on plates cut from a bar 50mm square of 
nickel chromium steel, specially heat treated to give uniform hardness. 

The uniformity in hardness of the metals used in series A 
was tested by making 3 to 7 impressions in each of two or more 
thick plates of each metal, with the same ball and load. In the 
mild steel the greatest difference found was 2 per cent of the 
diameter of impression; in the harder steel and the brass it did 
not exceed 1 per cent. Some of the results given by series A tests 
are given in tables I and II. The method by which the hardness 
numbers are calculated, will be stated, together with the reasons 
for adopting it, in section 3 of this paper. All measurements are 
given in millimetres. 
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Series B tests were made on other samples of mild steel, 
brass and copper. Owing to limitation of space it is not possible 
to include the detailed results of the tests. 

In no case does the difference of diameter between corres- 
ponding impressions on thick and on thin pieces exceed 2°/,, 
when the ratio of depth of impression to thickness of test piece 
is not greater than 1/3. A closer analysis of the figures, taking 
into consideration the variation in hardness of the metals employed, 
leads to the conclusion that within the ratio 1/, the effect of 
thickness of test piece is well within 1°5°/) on diameter, corres- 
ponding to about 3°/) on hardness number. Errors of 3°/, are 
however much too large for accurate work. Another consideration 
renders the employment of very thin test plates inadvisable. When 
the depth of impression is a large fraction of the thickness, the 
test plate is considerably deformed by the test. This is especially 
so when the area of the test plate is small. The thin discs of 
series B tests were distorted into a shallow funnel shape, the 
circumference of the disc rising away from the supporting hard 
steel plate. during the test. 


When the depth of impression exceeds 1/,, the thickness of 
test piece, a polished area is produced on the reverse side of the 
test plate, opposite the impression, caused by the pressing of the 
metal under the ball into close contact with the polished support- 
ing plate. When the depth of impression exceeds 1/, the thickness 
of test piece, the metal surrounding the impression is forced out 
of contact with the supporting plate, the reverse side of the test 
plate is no longer plane, a projection existing below the impression. 
These ratios are approximate only and must not be taken to 
apply to angles of impression much smaller than those generally 
employed. 

Because of the variation in hardness of the metals employed, 
it is difficult to state the limiting thickness above which variation 
in thickness has no effect whatever upon the test. Some attempt 
may however be made to deduce this limit by 1. rejecting the 
comparative tests not giving close agreement with small impressions, 
2. not including impressions at very small angles of impression. 
The edge in these being difficult to define exactly, measurements 
of diameter cannot be relied upon. A disturbing factor which 
probably accounts for nearly all the differences observed between 
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the tests on thick and on thin pieces is, that contact between test 
piece and supporting plate was not absolutely perfect. To obtain 
perfect contact, both the surfaces in contact must be perfectly 
plane and polished. The lower faces of the test pieces were 
machined smooth, but not polished. 

Taking all these points into consideration, the writer is of 
opinion, that if perfect contact exists between test plate and 
supporting plate (hard enough not to suffer any permanent de- 
formation by the test), the thickness has no influence whatever 
upon the test when the depth of impression does not exceed 1/, 
the thickness of the test plate, and probably has no influence 
even when the depth is a much larger fraction of the thickness. 


2. Minimum distance of impression from edge of test piece. 


This was determined by ascertaining the minimum diameter 
permissible in a test cylinder when the impression was made at 
the centre of one end and was thus equidistant from any point 
of the edge. The first method tried was to impress cylinders of 
several different metals with increasing loads till an expansion of 
the cylinder was detected. This method was rejected 1. because 
a slight expansion of the cylinder was observed with relatively 
small impressions, and 2. because no indication was afforded of 
the amount of error introduced by cxceeding the limiting condi- 
tions. Three other methods were employed: a) to impress a series 
of cylinders of the same metal, of varying diameters, with the 
same ball and load, and to note the smallest diameter of cylinder 
giving the correct diameter of impression; b) to impress two 
cylinders of the same metal of different diameter, with successively 
increasing loads, till a difference in diameter of impression was 
noted; c) to carry out the same test as b), but using a fresh pair 
of cylinders of large and small diameters for each loading. In all 
cases the increase in diameter of cylinder was observed. 

The limitation of length of paper necessarily imposed by the 
International Testing Association compels the omission of the de- 
tailed results of most of the tests made by the above methods. 
Only the figures obtained by method a) are given in table III. 
This appears to be the most satisfactory method, but demands the 
preparation of numerous test pieces. On each material the test was 
made with two widely differing angles of impression. The cylinders 
were all 10 mm high. 
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It will be seen that the impression becomes too large when 
the ratio of diameter of piece to diameter of impression is less 
than 4°5. The ratio is about the same for the considerably different 
angles of impression employed—about 22° and 44°. This limiting 
ratio is fully confirmed by the other series Of tests, the results of 
which are not given here, on other grades of mild steel, brass, 
and a harder nickel chromium steel. 

A safe rule to adopt is that the centre of a Brinell impression 
should not be less than 2°5 times its diameter from the edge of 
the..test=piece. 


3. Effect of variation in load and in ball diameter. 


In the following section the symbols employed are H = hard- 
ness number, P = load in kilograms, D = diameter of ball, d= dia- 
meter of impression, «angle of impression. 


It has long been known that mean pressure per unit area 
in the ball test usually increases with increase in angle of 
impression. Various methods of calculating the hardness number 
have been proposed, to give the same figure whatever the size of 
ball and load employed. Le Chatelier (Revue de Meétallurgie III, 
1906, page 689) gives the following formula as established by 


Benedicks: 
oie tes 
D 20000 
ii ABS Vz "17000 + P 
Applied to the Brinell hardness number 


load 
le of spherical surface of eu) 
given by any load and any ball diameter, this formula is supposed 
to give the hardness number which would be obtained with a 
10 mm ball and 38000 kg. The formula has been applied to 
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measurements given in tables I and [J] and to many others, but 
does not by any means give a constant hardness number for a 
given metal. The formula has accordingly been rejected. The true 
relation between load and diameter of impression has been as- 
certained by Meyer, who has published his results in an important 
paper (Zeitschrift des Vereines deutscher Ingenieure, LII., 1908, p. 645). 


The relation is expressed by the formula P = ad® in which 
n is a constant for a given metal and a is a constant for a given 
metal and a given ball diameter. Meyer has also shown that mean 
pressure per unit area = sis constant for a given angle of im- 
pression, whatever the diameter of ball. This was demonstrated 
some years ago by the writer, but not published; it has been 
more fully confirmed by numerous recent tests made by the 
writer. It is accordingly possible if the coefficient n is known, to 
calculate the mean pressure per unit area for any given angle of 
impression, from the diameter of impression given by any load 


and any ball diameter. As depends only on angle of impression 


7d" 
and is not influenced by ball diameter, it only remains to select 
a definite angle of impression at which mean pressure per unit 
area shall be taken to represent the hardness, to obtain a hard- 
ness number which is constant for the given metal. Meyer contends 
that hardness cannot be represented by a single number and is 
fully represented only by two coefficients. However true this may 
be theoretically, it is of great practical importance to be able to 
employ a single constant as the hardness number of a substance, 
though this necessitates the arbitrary selection of a definite form 
of distortion. 

It is suggested that 80° be chosen as the standard angle of 
impression, at this angle the diameter of impression = 1/, diameter 
of ball. The hardness number therefore becomes the mean pressure 
per unit area when the diameter of impression is one half the 
diameter of ball. The selection of a definite angle of impression 
rather than a given load and ball diameter offers many advantages. 
It is of perfectly general application, to substances of any hardness, 
and the definition of the hardness of a substance as the mean 
pressure per unit area required to produce distortion of a definite 
form appears to be reasonable and theoretically sound. It is not 
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at all necessary actually to make the diameter of impression one 

half the ball diameter, It is convenient in practice to employ a 

known load and measure the diameter of impression obtained. The 

hardness number is then obtained, from the measurement given by 

any load and any ball diameter, by applying the formula 
16-PebD%s 

oe Ter 

The hardness number calculated by the Brinell method, for 
the same angle of impression is 10718 

The hardness numbers given in tables I—II are obtained 
by applying the formula (a). 

In the great majority of practical hardness tests n may be 
assumed to be known with quite sufficient accuracy. Again if the 
test is made with an angle of impression not differing greatly from 
30°, the error introduced into the hardness number by a comparatively 
large error in the value of n is small. The coefficient n is readily 
determined by making two impressions with the same ball and 
different loads, and applying the formula 

log P,; — log P 
- log d, — log d 


The significance of the coefficient n merits some attention. 
Undoubtedly the increase in mean pressure per unit area with 
increase of angle of impression is due to the hardening effect of 


4 
~q@ is unaffected by increase in angle 
of impression. n is generally between 2 and 2°5, the greater the 


cold work. When “n= 25 


4B ee 
value of n the more does qa increase with increasing angle of 
ae a 


impression: n therefore appears to represent the capacity of the 
metal to harden by cold work. More correctly, n — 2 represents 
capacity for hardening by cold work. Some tests, the detailed 
results of which are not here given, fully support this view, which 
would require that n should have a higher value in a metal in 
the soft condition than when cold-worked to the maximum possible 
degree. Metal in this hardened state and accordingly incapable of 
being further hardened by cold-work should have n = 2. The 
work of Beilby has shown that it is extremely difficult if not 
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impossible, to retain a metal in the state of maximum hardness 
produced by cold work, this explains why in the writer’s experiments 
so low a value as 2 was not obtained for n. 

Two copper crushers were compressed to 1/, of their original 
thickness. One was annealed for 2 hours at 500° C. One piece 
of brass strip was tested in the hard-rolled state, another piece of 
the same strip annealed along with the copper crusher. 


Values of n: 


Copper hard worked) 4.) 4, 2°01 
une ciinealed a! ae. Vor e239 
brass shard rolled: vote aw. 2°06 
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O ESTABLISHMENT OF INTERNATIONAL O 


SPECIFICATIONS FOR IRON AND STEEL. 


Report by the chairman of Committee I, Dr. Ing. A. Rieppel, 
Nurnberg. 
(Translated from the German by A. R, Liddell, Charlottenburg.) 


Summary. 


1. Introductory Remarks. 


Committee I is charged with the task of seeking for “methods 
and means for the introduction of international specifications for 
testing and inspecting iron and steel of all kinds‘. 

The composition of Committee I and the results of their 
labours hitherto may be seen from Report 1d, presented to the 
Brussels Congress of 1906. According to the latter, the work 
progressed very slowly, because most countries were devoid, not 
only of uniform national specifications for iron and steel material, 
but also of corporate bodies (associations for the testing of materials) 
which could suitably take in hand the unification of the existing 
specifications. These preliminary requirements were in Some measure 
fulfilled only in the three countries mainly concerned in the production 
of iron and steel, viz. Germany, England, and the United States 
of North America. It was accordingly determined at the Brussels 
Congress of 1906, that a sub-committee consisting of representatives 
of the three countries named be formed, which should endeavour 
to establish international specifications on the basis of German, 
English, and American standard conditions. The formation of the 
Committee was attended with difficulties, so that the appointments 
to it were not all made till the beginning of 1909. 
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2. Problem. 


Committee la shall, on the basis of specifications recognized 
by the national testing associations of Germany, England and the 
United States of North America (see under 4), endeavour to establish 
uniform international specifications for the delivery of materials to 
countries that do not themselves produce iron in any considerable 
quantities. 


3. Members. 


Chairman: v. Rieppel, Chairman of Committee I. 
Representatives of Germany: 
Professor R. Stribeck in Firma Friedr. Krupp, Essen-Ruhr. 
Direktor Vehling, Aachener Htttenverein, Rote Erde, bei 
Aachen. (Proposed by the Verein deutscher Eisenhtttenleute.) 


Representatives of England: 


F. W. Harbord, 16, Victoria Sir.) Londons saan 

F. E. Robertson, M. Inst) C)'E., London, S. W. 8, Great 
George Street. (Proposed by the English Members of the International 
Association for Testing Materials.) 


Representatives of the United States of North America: 


W. R. Webster, Civil Engineer, 411—413 Walnut Street, 
Philadelphia, Penna. 


W. Wood, Cost Iron Pipe Manufacturer, R. D. Wood Comp., 
400 Chestnut Str. Philadelphia, Penna. (Proposed by the American 
Society for Testing Materials.) 


4. Bases. 


a) German specifications recognized by the Deutscher Verband 
fur die Materialprufungen der Technik: 


1. Entwurfe fur einheitliche Vorschriften fiir Oberbaueisen, 


2. : ; im ‘ , Bauwerkeisen, 
a: ‘ { 3 4 . schiffbaueisen, 
4, . f , Walzrohre, 

D. | , Draht, 

6. f . , Gueisen (aus- 


genommen GawisHret. uber welche der sitsdhe Verband 1908 noch 
nicht endgultig. beschlossen hat). 
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b) English specifications, published by the Engineering 
Standards Committee, London: 

1. Specification and sections for tramway rails and fishplates, 

2. British standard specification for tubular tramway poles, 

3. British standard specification and sections for bull-headed 
railway rails, 

4. British standard specification and sections for flat-bottomed 
railway rails, 

5. British standard specification for structural steel for ship- 
building. 

6. British standard specification for structural steel for marine 
boilers. 

¢. British standard specification for telegraph material, 

8. British standard specification for structural steel for bridges 
and general building construction. 

c) American specifications adopted by the American Society 
for Testing Materials: 

1. Standard specifications for cast iron car wheels, 

2. . : , gray iron castings, 


3 . : , structuralsteelfor bridges andships, 
+ pastee! saxies, 

ae . ; Geeee GlOrpIngs, 

6. 3 4 Sao oe CASUnILS. 

7 , foundry pig-iron, 

8 ; a , cast-iron pipe and special castings, 
a . , locomotive cylinders, 

10. 3 i , malleable castings, 

Lh, ‘. : , structural steel for buildings. 

La of : , openhearth boiler plate & rivet steel, 
13. F . , steel rails, 

14. “ s , steel splice bars, 

1D P “ aU steel utires, 


16. 4 . , wrought iron. 
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| VIII 3 
ON STANDARD SPECIFICATIONS FOR THE 


PURCHASE OF COPPER. 


Report of the Copper Committee, by Prof. Léon Guillet, Paris. 
Translated by G. Lemmy, 


The Committee appointed by the Council for the study of 
suitable conditions to form the basis of specifications for the 
inspection of copper consists of the following membres (Mr. L. 
R. v. Stockert, Vienna, and Mr. Gerwer, Zurich, having resigned: 


President: Mr. Léon Gu/s/let, Chief Engineer of the Chemical 
Dept. with Messrs. de Dion-Bouton; Prof. au Conservatoire des Arts 
et Métiers, 17, Avenue Carnot, Paris XVII. 

Members: Mr. H. C. Heckmann, Duisburg-Hochfeld. 

Mr. 77. G. Se/ve, Geh. Kommerzienrat, Altena i. W. 

Dr. R. 7. Glazebrook, Director National Physical Laboratory, 
Teddington. 

Mr. F. Tomlinson, The Broughton Copper Co. Ld, N. Manchester. 

Mr. G. Gui/lemin, Consulting Engineer, Paris V. 

Mr. P. Breu//, Chief of Metal Testing Section, Laboratoire des 
Arts et Métiers, Paris. 

Mr. P. O/gouine, Engineer, Mech. Laboratory of Imperial School 
or Engineers, Moscow. 

Mr. £. Wehrenfennig, Central Inspector of the Austrian 
North Western Railway, Vienna. 

Mr. P. Zugmayer, Engineer, Copper Manufacturer, Waldegg 
(Niederosterreich), 

Mr. C. E. Skinner, Electrical Engineer, Westinghouse Electric 
Manufacturing Co., East Pittsburgh, Pa. (U. S. A.). 
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. H. E. Diller, The Hawthorne» Engineering ee 
eee Klee. €o.,Chicagot (We swA ds 

Owing to ae very short time which has elapsed between 
the appointment of this Committee and the date (Jan. 1909) on 
which the present report was handed in, it is quite clear that there 
was no possibility of arriving at a decision in the matter of standard 
Specifications. 

The- sole object of this report, therefore, is to indicate in 
what position the work carried out by the Committee now stands. 
The work in question has dealt with the preparation of a com- 
parative abstract of the different specifications concerning copper; 
the abstract has been written by the President aided by the 
various Members, (Mr. Breuil more especially), who kindly gave 
their help for carrying the work to a satisfactory issue. 

Each member was invited to put forward his criticism in 
regard to existing specifications, together with his observations on 
copper testing. Various queries were put before the members as 
stated below, and in order that the replies be correctly interpreted, 
the President has deemed it advisable to reproduce them as 
textually as the scope of the paper will permit. 


Replies obtained. 
Queries 1 and 2. 


Would it be advisable in your opinion to digiae the 
Committee into two Sub-Committees the object of which 
would be to consider the use of copper for general en- 
gineering purposes, and for electrical work? 

If so, to which Sub-Committee would you wish to 
belong? 

Messrs. Glazebrook and Tomlinson replied in the affir- 
mative, stating that they were interested in both sections and 
adding that the work of the Electrical Section would probably be 
an easy one. 

Mr. Skinner said that the division did not appear to him a 
desirable one, the mechanical and electrical properties having to 
be gone into simultaneously. 

Mr. Diller asked that a division should be effected and 
said he would like to form part of the Sub-Committee entrusted 
with the study of the physical properties of copper. 


Monee Ir ae 
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Messrs. Zugmayer and Wehrenfennig advocated the 
division and asked to form part of the Sub-Committee entrusted 
with copper for general engineering purposes. 

Messrs. Selve and Heckmann did not think a division 
necessary. 

Messrs. Breuil, Guillemin and Guillet did not think it 
necessary either. 


In view of these replies, seeing also that no member had 
expressed a wish to form part of the Sub-Committee for the use 
of copper in electrical work, the President did not deem it neces- 
sary to divide the Committee. 


Queries 3 and 4. 


Are there in your Country specifications relating to 
the various uses of copper for general engineering pur- 
poses or for electrical work? 


Would it be possible to you to send us a copy of, or 
an abstract from, such specifications? 


Messrs. Glazebrook and Tomlinson called attention to 
the specifications of the Engineering Standards Committee of which 
an abstract is given later on. 

Mr. Diller knew of no good specification relating to copper 
which dealt with any condition apart from electrical resistance 
and occasionally elongation and breaking stress. The elastic limit, 
he added, caused many difficulties when it formed part of the 
specifications. 

Messrs. Zugmayer and Wehrenfennig referred to the 
specifications of the Austrian State Railways as being those 
generally worked to in Austria. An abstract of same is given 
further on. 

Messrs..Selve and Heckmann gave similar information in 
regard to Germany. 

Mr. Skinner could not find any specification dealing with 
the different uses of copper for general engineering and for elec- 
trical purposes. 

Messrs. Breuil and Guillemin sent us various French 
specifications mentioned further on. Mr. Breuil has had the 
kindness to make an abstract of several of these. 
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Queries 5 and 6. 


Do you know of difficulties having arisen in the 
working of these specifications and have you any modi- 
fications to propose? 


Messrs. Glazebrook and Tomlinson stated that those of 
the Engineering Standards Committee were much appreciated by 
the Trade and that they gave satisfaction; no modification appeared 
necessary at the present time. (Meetings are held annually, in the 
course of which the question of modifications is considered.) 

Mr. Zugmayer found the conditions, he called attention to, 
and which copper has to meet, good and of practical value as a 
whole; he however made the following objections: 

a) Allowance in regard to thickness and weight: 

The allowance: up to 3°/) which is granted, appeared to be 
sufficient for all copper material, with the exception of wide plates 
for the manufacture of fire-boxes. 

The largest rolls, 900 mm (351/, in.) and over, in diameter, 
used for rolling wide plates may curve in occasionally to a slight 
extent, say up to 3/, mm (0:029 in.) so that a wide plate may be 
11/, to 2 mm (0°059 to 0-078 in.) thicker in the centre than at the 
sides and it is at the sides that they are measured. For this, there 
is so far no remedy, and some of the plates are heavier than they 
should be theoretically. The Austrian Manufacturers endeavour, for 
wide plates, to obtain the application of the following conditions 
which are based upon practical results: 


For plates up. te 2300 mm (7 ft. 61/, in.) wide, 3°0°/, allow. 
on weight. 


For plates 2300 to 2600 mm (8 ft. 65/, in.) wide, 3°5°/, allow. 
on weight. ; 


For plates 2600 to 2800 mm (9 ft. 23/;. in.) wide, 4:0°/, allow. 
on weight. 


For plates 2800 to 3000 mm (9 ft. 104/, in.) wide, 4°5°/, allow. 
on weight. 

For plates 3000 to 3100 mm (10 ft. 2 in.) wide, 5°0°/) allow. 
on weight. | 

For plates 3100 to 3200 mm (10 ft. 6 in.) wide, 6°0°/, allow. 
on weight. 
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b) For bars and plates there are tensile tests and bending 
tests, the two are- now sufficient, and when one test does not 
succeed, it can be repeated, when, if it fails, the piece is rejected. 


Mr. Zugmayer believed that the tensile test had several dis- 
advantages. The tensile testing machine is a costly one and the 
various types of machines have not all the same practical value. 
When the machine has been in use some time, it gives varying 
results, and the repairing of a testing machine is a delicate matter. 
In practice therefore these machines give almost always divergent 
results. Besides, results differ if fracture is brought about rapidly 
or slowly. There is also the risk of an error in taking the measu- 
rements and it is no more possible to trace an error when once 
the test piece is broken, the initial conditions having dissappeared. 


. Further, added Mr. Zugmayer, a test piece whatever care be 
given to its preparation, has not throughout a perfectly uniform 
transversal section. Though the metal be of good quality, the test 
piece breaks at its weakest point, but this point cannot always be 
traced on measuring, and the size of a test piece can easily be made 
too small by probably 1/, mm (0°0098 in). For example a test 
piece which should be 16 X 20 mm (0°63 X 0°79 in.) may really 
mesure at its weakest point 15°75 X 19°75 mm (0°62 X 0°78) and 
its smallest transversal section, instead of having an area of 320 mm* 
(0°495 sq. in.) will only have 311 mm? (0°482 sq. in.). Under 
these conditions a breaking strain of 22:2 kg would be reduced 
to 22:2 X 311/,., = 21:6 kg and the plate from which it was 
taken, and for which 22 kg were required, would be rejected and 
wrongly so. Although the test piece may generally. break in its 
centre it can also break near an end, either because the weakest 
point was at that end, or because the piece contracted at two 
places and had, perhaps by exception, a uniform thickness. 


Fracture of a test piece near an end is not an exceptional 
occurrence. In such a case the calculation of the results is un- 
favourable to the test piece, for (as can be seen from specifications), 
the elongation only of the greatest half of the piece is compared 
with the total length; in this greatest half however the piece elon- 
gates less than at the point of fracture, and consequently the result 
is less good than if the calculation were based on the whole piece 
and on its total elongation. 
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c) Mr. Zugmayer added that the essential requisite in regard 
to tests was that these shoud have a practical value. It was ne- 
cessary, in other words, that tests should fulfil, on a small scale, 
the conditions which the material is destined to meet when in 
servece. From this point of view, the opening out and the flanging 
of tubes, the stamping out of rivet heads, the threading of bars, 
the bending double of thin plates, appeared to him to be most 
excellent tests. In his opinion, however, the bending test was by 
far the most satisfactory. This should be required in every instance, 
and more importance should be given io it than to the tensile test. 


Mr. Zugmayer believed that the tensile test frequently gave 
none other but theoretically defective results; he added that it had 
not the practical value which was attributed to it. A bending test 
required no special preparation; it could be carried out at any 
time and in any place, and always yielded a certain and constant 
result which could be checked. The original specimen remained, 
and it was possible to ascertain after the test was made whether 
the edges were cracked, whether the test piece was burnt, and so 
forth. 


When therefore in the case of bars and plates both tests 
were specified, Mr. Zugmayer proposed the following: “If the 
bending test yielded good results and the tensile test insufficiently 
good results, acceptance was to depend upon a second bending 
test. If the tensile test was satisfactory, and not the bending test, 
acceptance was to be made also conditionally upon a second 
bending test. If the results of both tensile and bending tests were 
not good, the piece was to be rejected“. 


The first test to be carried out was, therefore, the bending 
test, the tensile test followed; when the bending test was not 
satisfactory a second one could be carried out after the tensile test. 


It was desirable that the tests be carried out at the manu- 
facturers works and be witnessed by both parties. When the 
bending test is unsatisfactory and when the manufacturers have 
no tensile testing machine, then only should the subsidiary tensile 
test be carried out elsewhere. Mr. Zugmayer believed that in 
acting thus much trouble and cost would be spared and at the 
Same time there would be no suspicion in regard to the value of 
the material. 
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Mr. Wehrenfennig believed the specifications of the 
Austrian railways to be satisfactory. The Austrian works, how- 
ever, asked that a higher allowance in weight than 3 per cent be 
granted for wide plates, and their request appeared justified under 
present conditions. 


It was, on the other hand, greatly to the interest of the 
purchaser that the weight of such plates should not exceed a fixed 
limit, so that he be not called upon to pay for an unnecessary 
weight of copper; other conditions intervened also from the point 
of view of the use of the material, and, besides, the rolls could 
be made to turn out the required thickness throughout. Therefore 
the allowance of even the 3 per cent for wide plates had also 
its advocates. 

Manufacturers should put down convex rolls for the: manu- 
facture of such plates. 

Mr. Selve considered that the conditions in force. with the 
Prussian railways were justified and of practical value; he, how- 
ever, also referred to the allowance difficulty on weights and 
thickness in words similar to those used by Mr. Zugmayer. 

For bars and plates, Mr. Selve was of opinion that bending 
and tensile tests, and especially the latter, should be maintained. 

Mr. Guillemin remarked that at the present time in France 
the following of the specifications in force with the various Com- 
panies gave rise to no serious difficulty. He however shared the 
opinion expressed by Mr. Zugmayer, to the effect that owing to 
complications and even to impossibilities in the processes of manu- 
facture, the allowances on the weights of tubular plates should 
bev greater. . 

The figures proposed by Mr. Zugmayer and stated above 
might therefore be adopted. 

He believed, on the other hand, that the tensile test should 
not be done away with, for bending tests did not replace tensile tests, 

Mr. Breuil asked that the tensile tests should certainly be 
maintained, seeing that they gave, in a more complete way than 
the bending tests, all the required data as to the resistance and 
deformation characteristics of copper. Bending tests were hardly 
better than qualitative tests and their results, being difficult o1 
interpretation, did not make it possible to introduce accurate values 
in the specifications. 
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Mr. Breuil added that, when carrying out tensile tests, the 
apparent elastic limit should be taken with a pair of compasses: 
this formed a useful reference for establishing the extent of cold 
working the metal has undergone. 

If this were not done, the tensile test should be made only 
after annealing the copper to about 700 C. (1292° F.), in order to 
make it possible to arrive at a correct estimation as to the quality 
of the metal. Seeing that the rate of cooling after annealing had 
an influence on the metal structure, Mr. Breuil proposed to 
rapidly heat the test pieces to the stated temperature and quench 
them in water. In this way the tests would afford a better guide 
for the quality of the metal. 

Mr. Breuil added further that the rapidity with which the 
tensile test was made had a certain influence on the breaking 
stress of copper. Although Martens was of opinion that this 
influence should be neglected, he nevertheless found that the stress 
was thereby increased by 2 per cent. According to Mr. Breuil, 
Mr. Ledoux found an increase of 6 per cent and recommended 
not to carry the test out rapidly, especially towards the end. 

The hardness of copper could be determined by the Brinell 
ball-test or by compressing a small cylinder. In the case of cold 
worked bars, the cylinder would give an accurate idea of the 
malleability of the metal, simply by hammering it down. | 

For wire, bending round 90 degrees on both sides of the 
vertical, formed an excellent test which did not necessitate any 
complicated device. 

If it is required to test wires by torsion, the moment at the 
elastic limit should also be recorded as in tensile tests; the 
maximum elastic moment was the angle of torsion at fracture to 
the unit of length. 

Mr. Breuil advocated the tensile test of locomotive fire-box 
stay-bolts, when these were finished ready for use and at the 
temperatures they reach when in service. 

In his opinion, repeated bending tests should also be made 
until fracture, with stay-bolts heated and held in place, exaggerating 
the bending action which they undergo in service. 

In regard to tubes, it might only be necessary to cut a ring 
perpendicular to their axis, the ring to be opened out on a conical 
mandril; it should not tear until it has reached a certain diameter. 


Vis 


A test piece might also be taken lengthwise and another 
crosswise and straightened out, using a wooden mallet. 


It might also be advisable to test the tubes or specimens 
at temperatures similar to those they have to withstand in service. 


| Query 7. 

Have you any special proposals to make inthe matter 
of fresh tests, modification of methods, or application to 
copper of test methods already followed for other material; 
Or in fegard to recording results and so forth? 


Messrs. Glazebrook and Tomlinson had no proposal to 
put forward. They called attention to the researches made with 
reference to copper by several scientists, by Roberts-Austen among 
others, in connection with the alloys Committee of the Institution 
of Mechanical Engineers, and stated that further researches were 
in progress at the National Physical Laboratory on the effect o1 
extreme cold on the resistance of copper to tensile stress. 


Mr. Zugmayer recapitulated as follows the conditions which 
he deemed necessary: 


a) Plates. The test piece over 10 mm (°/g in) thick and 
having for width four times its thickness, annealed, should bend 
double without breaking. 

Subsidiary tensile test of carefully machined and annealed 
test pieces, their angles to be slightly rounded off. 

b) Bars. The annealed specimen to bend round 180 degrees 
without becoming damaged. Tensile test as above. The flattening 
down of a rivet head and threading should both be successful. 

c) Wire. Should bend over and back, round 180 degrees, 
in the soft state, by means of two pincers. 

d) Sheets. Should in the soft state bend over and back round 
a mandril having the thickness of the sheet; in the case of thin 
sheets under 2 mm (0:078 in.), two flat pliers should be used. They 
should take an edge without fracture when hammered down cold. 
The angles of the test piece to be rounded off. If necessary, a second 
bending test to decide. 

e) Tubes and tube rings. To be flattened down in the soft 
state. To bend also round 20°. If the test is not satisfactory, a 
second one to decide. 
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The specimens are to be taken: 

a) Plates. One tensile or bending test piece per plate, in the 
direction of rolling. 

b) Bars. One for every 300 kg (660 Ib.). 

c) Wire. One for every 300 kg (660 Ib.). 

d) Sheets. One for eyery 300 kg (660 lb.). 

e) Tubes. One for every 50 m (164 ft.) length; for rings, one 
for every 100 m (828 ft.) length. 

Mr. Selve sent in proposals exactly similar to those of 
Mr. Zugmayer. 


Mr. Wehrenfennig reported on the bending and tensile 
tests as follows: 

It is advisable, for plates, to carry out especially the tensile 
test and the bending test; the first allowed of more accurate 
comparisons and the second approached more closely to the stress 
produced in the plates under service conditions. 

In almost every case the results of the tensile test and of 
the bending tests corresponded with each other. 

If the tensile test were carried out on one and the same 
machine, comparison was easier because the same rapidity could 
be worked to for tension; test pieces could always be had similar 
to one another. It must, of course, be taken for granted that the 
machine works accurately and that the records are taken with all 
desirable care. 

By using one and the same tensile machine, care being 
given to the machining of the test pieces, these being always 
prepared in the same way, reliable results will be obtained. If 
different machines be used, they should be checked one with 
the other. 

When preparing specimens for test, it is necessary to avoid 
transversal planing; it is preferable to use a milling machine. If, 
however, planing has already been resorted to, the specimens should 
be filed longitudinally. The specimens should not be taken from 
parts having been impaired locally, as, for instance, by stamping, etc. 
This remark is justified in that the effect of stamping of record 
numbers, firm’s name, and so forth, made before machining, may, 
although the specimen has been made perfectly smooth, become 
visible thus showing that as those parts the metal was influenced 
locally; this is liable to react upon the result given by the tensile test. 
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Before cutting out the specimen, the part from which it is 
removed should be annealed, in order to counteract all possible 
influences of a mechanical order. 

The bending test is no less useful than the tensile test, but 
it also requires minute care and exactly the same preparation; it 
should always be carried out in the same manner, in order that 
the results be always comparable to each other. 

The bending tests should not be made by hand, but under 
a machine; care should be taken not to fracture the specimen. 

When test specimens taken from copper bars have been 
turned in a lathe, the tool marks should be removed by filing. 

Tests had been devised by the writer for arriving at the 
strength and stiffness of drilled and bored copper specimens for 
stay-bolts. They consisted in holding a copper specimen .by the 
threaded end, the free end carrying a weight and being rotated. 
The number of revolutions causing fracture was recorded. These 
tests were not yet completed. 

In regard to chemical composition, the writer was not able 
to formulate a personal opinion and referred back to Muspratts 
Chimie IV p. 1989, 4th edition. 

Mr. Heckmann attached much importance to bending tests 
and to the exact measurement of the elastic limit. 

Mr. Guillemin remarked that the conditions in which tensile 
tests were effected had a very great importance and a considerable 
influence on the results: He mentioned under this head the tem- 
perature of the specimens, the rapidity, and the duration of the tests. 

it would be advisable to make a systematic investigation 
into the influence of these and to define in the specifications the 
precise conditions in which the tests should be effected in regard 
to temperature, rapidity and duration. 


Query 8. | 

Have you any remarks to make as to the chemical 
composition the influence of impurities, the percentage 
GI cUpspolisnd xide, eto! 

Messrs. Glazebrook and Tomlinson stated that copper 
containing arsenic entered into many mechanical applications; for 
instance in the manufacture of locomotive fire-boxes, stay-bolts, 
tubes, etc. Data on specifications are given further on. 
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Mr. Diller said that he never analysed copper and that he 
relied solely upon the results of electrical and physical tests. 


Messrs. Zugmayer and Selve reported that a small percentage 
of arsenic (Mr. Z.—0°3°/, and Mr. S. = 0°5°/o), of silver, cadmium, 
zinc, silicon is, if anything, of advantage; also of lead 0:15°/), 
and phosphorus 0:1°/,. Oxygen up to 0°06°/, had no_ influence, 
but higher percentages were detrimental. Bismuth, antimony, nickel, 
tellurium and sulphur should be non-extant. It should be added 
that the latter elements have different effects according as they 
are reduced, or according as they are contained in combination 
or as oxides. If together their effect is different from the effect 
they have individually. In any case, their presence is dangerous 
and should be avoided. Thus, a low percentage of nickel has no 
influence, a notable percentage of arsenic is advantageous, but 
both these’ elements together are extremely detrimental. 


Mr. Heckmann gave similar indications, and believed 0:02 °/, 
silver, 0°15°/) lead, 0°1°/) phosphorus, 0°2°/, nickel, 0:19/, oxygen 
could be admitted. Arsenic up to 0°75°/) had a favourable effect. 

Mr. Heckmann stated that he found a copper containing both 
0°2°/, nickel and 0°75°/, arsenic to show excellent results in 
various tests. 


Mr. Wehrenfennig gave us no personal epinion in regard 
to chemical composition and referred to Muspratt’s Chimie IV, p. 
1938, 4 edition. 

He said, it was very probable that the copper of fire-boxes 
of old manufacture was more able to withstand the influences of 
fire in service in the locomotives, than the present day copper ; 
in some copper, recently purchased, a great difference is noticeable 
in regard to strength from the point of view of cracks, although 
there was but little difference in the chemical composition*). 


It would therefore appear that the chemical composition has 
no particular influence on the resistance of copper for stay-bolts; 
it is rather to be supposed that the physical nature of copper, 
the state of its surface and the density of the metal, have the 
greatest influence in regard to resistance. 


*) Mr. Heckmann added at this point that formerly the fire-box plates 
were not annealed, but were worked up in their hard state as they left the rolls, 
At the present time they are thoroughly annealed to facilitate their bending. 
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As is well known, in some Railway Companies’ Works the 
fire-box tubular plates are hammered in order to render them more 
durable. It is important to note that hammered copper tears very 
easily on bending, and the more easily, the harder the hammering 
and bending operations have been conducted. 


Attention should be called in this connection to the obser- 
vations made by the writer on locomotive boilers and which he 
put forward in ,Eisenbahn Technik der Gegenwart“ Vol. I. First 
Edition, p. 119; these deal with the influence of proportional absolute 
resistance and resistance to compression on the duration of 
the metal. 

The writer noticed that copper stay-bolts almost invariably 
break along and inside the fire-box walls, rarely over their free 
length. 

Copper stay-bolts almost always break on the inside of the 
fire-box; at that part the temperature is the highest and has a 
more rapid action on the resistance of the metal. 

It might be well to remark here, added Mr. Wehrenfennig, 
that copper bars, on heating and cooling, expand both in length 
and thickness, a property which would tend to explain certain 
cracks in the fire-boxes. 

It would be as well to study the different kinds of copper 
in regard to tensile stress and compression at different temperatures 
also to consider -at different temperatures the density of the metal 
by using the Brinell and Leedwik tests, for, beside the tensile 
stress, elongation and striction, bending, resistance to compression 
density, and superficial resistance, have also an influence on the 
life of fire-box plates exposed to varying temperatures. 

Such studies and others also are absolutely necessary to 
throw light upon the characteristics of copper. | 

Mr. Skinner replied: The question of impurities in copper, 
as determined by conductivity tests, has been studied by Addicks: 
“Transactions of the American Institute of Mining Engineers“ 
Vol. 36. pp. 18 to 27. 

The conductivity o1 copper is very greatly influenced by 
arsenic and phosphorus; these, in small proportions, have no 
otherwise detrimental effect. Conductivity is but little influenced by 
such impurities as antimony, bismuth, sulphur and oxygen which, 
however, in certain conditions are detrimental. Engineers and 


meee te eee 


VIIIs 


chemists who are well informed on the matter require complete 
analyses in order to express their opinion; a long experience of 
the subject is necessary to decide fully upon what are the best 
refining processes for electrical work. 


Mr. Skinner had not been able to find a good and rapid 
method to determine the percentage of cuprous oxide in copper; 
it appeared to him desirable that the Committee should give its 
attention to establishing such a method. 


The mechanical properties of the copper used for electrical 
purposes, including telephonic lines and lines for current trans- 
mission, demanded at the present time more attention than did 
conductivity. | 

Rapid and reliable methods to determine fragility and hardness, 
and specifications stating the limits that can be adopted for the 
different mechanical properties, were extremely desirable. For 
example, large quantities of copper wire measuring 0-00381 to 
00201 inch (0°78 to 5°63 mm) were used in the electrical industry. 
Imperfect annealing rendered this wire very fragile and hence 
winding was more difficult. Attempts had several times been made 
to arrive at the fragility by measuring elongation, but so far 
uniform and satisfactory results had not been obtained, the method 
of testing for elongation not being sufficiently developed; this © 
however, was the best method known for recording fragility. 


Much attention had been paid of late to the study of the 
annealing, at temperatures of 100° to 800° C. (222° to 572° F.), 
of copper which had been drawn down to a large extent, such as 
is now used in current transmission lines. A complete study of 
the effect of heat on the toughness of copper would be welcome 
and would yield invaluable information. 

In the United-States, the copper works and the manufacturers 
of copper articles generally agreed together in the matter of the 
quality of the metal, the limit of impurity and so forth, the limit 
in question being determined by the use to which the metal had 
to be put; but no specification on the question had been published. 


The heat coefficient, that is to say the variation of electrical 
resistance with the temperature should be determined and, if 
possible, the same figures should be adopted in the different 
countries. 
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The rules as to the specimens adopted in June 1907 by the 
American Institute of Electrical Engineers, give a tabular statement 
in regard to temperature coefficients, in which the figures are 
different from those adopted in 1893 by the same Institute, 

Mr. Guillemin found the question to be much involved and 
added that it should be made clear by methodical tests. 


Researches made recently established that occluded gases were 
in all the copper alloys used for engineering purposes ‘and that 
these gases contained hydrogen, nitrogen, carburets, etc. 


So far it would be difficult for a chemist to ascertain, whether 
the oxygen which he had measured in a given quality of copper 
existed as cuprous oxide or as occluded carbon oxide. Moreover, 
the influence of oxygen on the mechanical and electrical properties 
of copper was presumably not the same according as it existed as 
cuprous oxide or occluded gas. 

Scientific research on the point would therefore be desirable. 


Query 9. 

Would you advise a meeting of the Committee? If so 
would you agree that a meeting take place in Paris in 
October? 

All the members who reside outside France replied that they 
could not attend such a meeting. 


Query 10. 
Do you know scientists, or manufacturers, who are 
notmembers of the Committee, but who could put forward 
interesting information? 


Messrs. Glazebrook and Tomlinson gave the names ot 
Mr. Carpenter and Mr. Fitzpatrick, and also of the Gentlemen 
who took part in the discussion of the paper by Messrs. Carpenter 
and Edwards on copper-aluminium alloys. 

Messrs. Zugmayer and Wehrenfennig mentioned Mr. F. 
Ringhoffer, of Prague-Smichow (Bohemia). 

The latter also mentioned Mr. Chaudoir, of Simmering; Prof. 
Kirsch of Vienna; and Dr. Ludwik, also of Vienna. 

Mr. Skinner gave the names of Mr. J. A. Capp, Engineer 
in charge of the tests, with the General Electric Co, Schenectady 
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N. Y.; Mr. John J. Carty, Chief Engineer, American Telegraph 
and Telephone Co, New-York City. 

-Mr. Skinner added that the would undertake with pleasure 
all tests that could be carried out at Pittsburg, or centralise all the 
information which the Committee would think it advisable to ask 
for, if a programme were set before him. 

As was stated in the commencement of this paper, it was 
difficult for the Committee to arrive at a decision in so short a time. 

It is hoped however that the readiness with which the various 
members have replied to the requests made by the President — 
who takes-this opportunity to render them his thanks — affords 
a sign that an agreement will shortly be reached and that a complete 
report on a standard specification. for the purchase of copper will 
be ready for the following Congress. , 

The President is of opinion that on that future date, or from 
now if it were preferred, the powers of the Committee should be 
extended to the various copper alloys: brass, gun metal and others. 
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Great. Britain 


North Eastern Railway 


Test pieces taken in a strip 
525 X 62°5 mm = 20°68 X 2°46 in., 
tobe375 mm =1-47 in. in length 


- jin, See 14 t per SQc cut 
| | LS 35°, on 4 in, 


JOJOWBIP IITA 9Y} SOUT GT Jo 
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Table III. 


Countries British 


Specification of 


= 


Electrical resistance 


Remarks 


| Tensile test 


osoosce 


- Bending test 
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Copper plates for locomotive fire-boxes. Table Il. 
: a 
Grou in ttir-ie s ae | : 
: Great Britain Austria Germany France Great. Britain Italy Belgium 
Specification of Engineering Standards Committee Austrian Railways Railways Railways North Eastern Railway Railways Railways 
Date of publication June 6th 1907 = = : = ial = ns 
Class A, - : 
Electrolytic copper excluded 35 < As < 0°B5 
Chemical ied | Cu 99°/) 0:35 << As < 0°559/) Smelted Cu ra : 0°35 < As < 0°55 Den ees 8-88. Allowance 
emical CcOmposition (= Pure Cu + 0 259/, As) . Ist quality copper | Nid ue ity ng O2< As <= 05 other elements, such as oxygen, of 59/, on weight of goods de- 
; Class B, without addition of electrolytic Cu oreign element < 0°49/, not to exceed 0°75. Bismuth not dicted from this density 
Cu > 99°259/) 0:25 < As < 0°45 tolerated 
; + 8mm (0°315 in.) above, | 
Allowance on dimensions a, =H - nothing below. A table gives — = ae 
allowances on thicknesses. 
State of metal Rough Rough — Rough == 5 rte 
Length between gauge marks 
: a = L=V 6667.8 Test pieces taken in a strip 
2 Type of test specimen Length 20 cm = 7°87 in. t= 11°3 /s = g ne. | 525 & 62°5 mm = 20°68 2°46 in., = | = 
oO ae | ‘5 —y]° i i o 
rice A table gives sizes according to bed (.G mma | 2 ater 
o | to thicknesses 
2 | Saw ae = 
a | 
. | | | Plates under 8 mm = 0°315 in. 
| . ; hie = ae Ot per sd. in. 92 = 1597 tiper- sq. in, | no tensile test, 
Reciite | RS 22:05 = 14 t per sq. in. oa BE 350 5 ee E ah 2 | R20 = 12°70 per sq. in, RS 14 t.per sq. -in: | R22 13°97 t per sq. in. | R22 = 1397 t per sq. in. for 
esults | E > 359/, set lo 1 D> 38/9 | 9), >> B5 E3600 toe A EF], > 85 | others. Rolled faces planed 
Z 40°/o 2 > 50°/o Ve ie i ae 1 mm = 0-039 in. and polished 
| | | ES} 35, 
State of metal Rough cold and hot | Rough cold and hot = Rough cold cold — — 
pu | Bending right over ofstrips taken 
ye | | | in any direction, both cold and 
oe | at a dark red heat, for plates 
ch 3ending round mandril of same | 1) 4, Keneen( 7 aaetorbend Strips 250 mm = 9°8 in. long, | where == 8 mm = 09815 in. 
eS ; - pd: , thickness For tickness above nae aan Ba ae jercie oe ae 40 mm = 1°57 in, thick, bent Strips 250 & 12°5 mm | Rn Gere puaoecee Bendaen: AE be ioe 
= Results Bending at Ee Ey 10 mm = 0°393 in. cold bending | : RTA ) right over at bothends,inopposite = 98 & 0°49 in. bent right over, | one he is ie oa rp Se cpanurty of radius 
a ns , cracks round 80°; when hot bending right | Pees ea eee directions, without cracks and | without fracture ee aan ay ee thickness of pike 
over. No cracks, etc. oi AMES S- other defects. | | | oth cold and at a dark red 
| heat, for plates where 1— 8 mm. 
Broken section to be pink, clean 
and silky 
| —_ ‘i { - 
‘ : , | | 
Tensile test: | 
1 per plate orper 500kg (1000 1b.) 
| of plates | 
: é If required: 
ae -- | — — test: — | = | 1 
Proportion of tests | aoe | a stamping out test. 
; | | 
| Chemical analysis: | | | 
| 1 per 10 plates | 
| | 


Table III. 


os i res 


Great - Britain 


France 


VIlls 


Copper wire for electric conductors. 


France 


France 


a, 


Norwegian Telegraphs 


Dutch Telegraphs 


British Post-Office 


Specification of 


Engineering Standards Committee 


Post and Telegraphs 


Tramway Cos. Trolley wire 


Date of publication 


July 26th 1904 


Chemical composition 


Electrical resistance 


ealed Hard drawn 


Wire 1m = 39.37 in. long; 
| weight 1 er. = 0.002 Ib. R. = 


before breaking 


Remarks 


0.1539 Ohms, at 15.69 C, = 
60° Fahr., extensively cold- 
worked wire = that which 
extends by 1°/) maximum 


f Same wire length and weight 
as above. R = 0.1508 Ohms, 
= | normal, atabovetemperature 


Electr. Res. at 0° per km 


dia, Ohms 

2 mm = 0.079 in. 5:3 
Zee = 09s) 9s oo 
3 = UME ey mee RS 6) 
ae = Alaa lode 
4 p= UL Oto econ 
Dee Lie OD 
5 = 


; 0.19675, O85 


Specific gravity 8.90 at 15°C. 


59° Fahr. Variation 0.00428 
per deg. C for conductivity. 


Allowance: 2°/) on resist. and 


weight 


In France annealed wire is 
tested electrically and for elon- 
gation. Electr, res. should be 
= 20.57 ohms. per km on the 
basis of 1 mm. = 0.089 in. wire, 
at 09 CO = 32°-Fakr* Elong: 
10°/) minimum, Some authorities 
require 30°/) for wire above 
2mm = O08 tam dias 


Tensile test 


rele tore ekg 
ei ey) ex 


Variation of results with the 


diameter 
R 

mm = 0.079 in. 44.6 = 28.32 t p. sq. in. 
=n0098en 4050 t= elo - ss 
n= O1I8" 4 4225. =.26-95 = rs 
, + 0188 -, 41.57 = 26.37 ; » 
Sees OL1b7 2) 40-6 = 920-08 
>» 201 2 —— = — 

20.196 , — = — 


| d10mm=0,394in. total R 2980 ke 


d 8mm = 0.815 in, total R 2000kg | 
= 4400 lb. 
d 9mm = 0.354 in, total R 2480 kg ag 
= 5450 lb. 


= 6550 Ib, 


@1.6 mm=090.063in. R105kg= 2311b. 


42.008 , =0.079, R150, = 3830., 
d2.464 , =0.096, R225, = 495, 
d2.845 , =0112, R300, = 660, 
= | 43175 . =0.122, R875, = 825, 
€3.480 , =0.134 2 R449 , = 988, 
d 3.789 <= 20.146, R525, =1155 , 
d4.015 , = 0.158, R600, = 1820, 
d4,207 , =0.166, R675, 01485, 


e 


Bending test 


Twisting test 


Bends vary in number with diameter 


Winding test 


Wire wound round cyl. mandril 


of 15 times the wire diameter 


For annealed wire 


mm = 0.039 in. 146 {<a} 38mmz 0.118 in. 
5). 20.047 2 14 |e) 3 )5) 2/0118. 2% 
8, Ue ee | P68 ete. 
5 . = 008 ,. 6x°o o>) 35 220118 ; 

» 20418, Bjaus|) 8. 4.0236 ,)) 

») 2O1bT = 6.18 a1 10 4. - 0099., 

LOMO T 51221710» = 0.393 
For hard wire 
. mm =z 0.079 in. 6 “4 o) 6mmze 0.236 in 
By aoe, 403 Ee BS 7.0 1974, 
Py SOE? ISPS 810 G:F O:808 5, 
» £0-157 , 5 )3E(10 , +# 0.393 , 
fee LO ye |Z: (Oy 22 HE) 
mee ANT, ine \ ere 10) wager Ore0oue 


~—a Saas = 


d 1.676 mm = 0.063 in. 35 Bends on 


3 in, 

a22.006°, =0.09poee 

22,404 5 =OReOT 20) 9 9 OF 

D2RSA5E. OGRE D0, e aee 

— SATiae ieee, oan 5 4a s 
a 3480 segues. BOL, 62, 

d3.759 @aepiao, 28) 4 4 6, 

dO sae eemms., 261. 56 

UA OGT Boas , 2h) be 


d 45mm =0.177 in. 5 bends 
over radius 10 mm = 0,398 


d 3.8mm = 0,122in. 5 simi- | 


d 2.75 mm = 0.106 in. 5 


similar bends 


* 


d 4 mm = 0,157 in. 20 bends on | 
150mm = 5.9 in. tens, 20kg = 44 1b. | 


d@ 3 mm = 0.118 in. 15 on 75 mm | 


y 
] 


=2.95 in tens. 15 kg = 33 Ib. | 
d 2.5 mm = 0.098 in. 20 on 75 mm } 
= 2.95 in, tens. 10 kg=22 |b. | 
d 2 mm = 0,079 in. 25 on 75 mm } 
= 2.95 in. tens, 8 kg=17 |b. 


j 
H 
i 
{ 


Wire wound round itself, 6 spirals 
whatever be the diameter 


As under Britsh Post Office é 
but 8 spirals 


Post-Office 


“\Norwegian Telegraphs Dutch ‘Telegraphs 
4 
| 
| 
| 
a a = 
‘ ie | 
Bin. R105kg= 2B1lb i eal 
), R150, = 830, | 
3, R225, = 495, 
D | dem = COOK, 
2 lat lt Oige=. OA0-, a ares 
4 | R449 , = -988., 
| PRbab 251155 , 
3, R600, = 1820, 
3. R675, = 1485, 
d 45mm =0.177 in. 5 bends 
over radius 10 mm = 0,393 
d 3.8mm = 0,122in. 5 simi- ey 
ry lar bends 
d 2.75 mm = 0.106 in. 5 
: similar bends 


rivets, etc, 
———_—_—_—_—_—_— 


France 


Railways 


it quality. Foreign ele , 


bene 


et + 5 a ee 


mm = 0°:0089 in. for fa 
mm = 0:0078 in, for | 


ng tests per 500 kg aie 


ching tests on stay-ba 


Rough 


Yaka gauge marks L 
o diam. = 2 mm = 0°07. 


Z 23 = 146 t per si, 


Table V. 


Goria ries 


Specification of 


Date of publication 


Chemical composition 2 ea 


— 


aximum Ww: 
am,/= 2°29 


+. side 
Allowance on dimensions 
Quantity tested | 
a ’ 
Tensile t 
‘per sq. 


Stamping out 
Be Results 


» = 30 


test 


oe Flanging test a. 


ee 
tei 


‘Tube len; 
vdown j 


ee: 
g tes 


| Flattening down and Bendin 


Hydraulic test 
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, Copper bars for locomotive stay-bolts, rivets, etc. Table IV. 
Countries ‘ti | ; | | | 
| Great-Britain Austria Germany France | Great-Britain Belgium 
Specification of Engineering ; ; ai 
p ngineering Standards Committee Railways Railways Railways North Eastern Railway Railways 
Date of publication eee oa? ES = er ars iam ar 5 ie a iS 
CaemiGal ene Cu > 99-259/, Smelted Cu (pure Cu with aoe iat lity. 
P 0°159/, < As < 0:359/, 0.259/, As) no addition of Cu of 1st quality Cu, of 1st quality. Foreign elements < 0°4°/ se SE recta Pe isi hos + 30), 


electrolytic Cu. 


Allowance on diameter | + O'-L mm = 0:0089 in. for stay-bolts, - * 
+ 0:2 mm = 0:0078 in. for other bars 


are : : O ; re ; { 
Quantity examined Up to 2/, of each diameter Coo ce pene oor 200 ke Bes Bending and testing tests per 500 kg — 1100 Ib. Texture and — 19/) of the order for tensile tests 
= 440 or 660 lb. punching tests on stay-bolt bars. 
State of metal Rough Rough Rough Rough — — 
Tensile Test piece Length = 8 diameters*) Ee = Length between gauge marks L = || 66°67 =e ae 
test Central part turned to diam. = 2 mm = 0°078 in. below orig. diam. 
| BR S222 = 18-97 t per sq. in. | 8 east in - pier ies : ss - 
2-05 — per sq. In. 23 = 14:6 ¢ per sq. in. | : ; 
Results fh DB 22 Dee 14 ¢ per sq. in. Fo), S 25 Fo) Ss 38 ee aa Ro 323 = 1461 per sq. in, R=14t persq.in., HE=40, | R=24kg 15°24 ¢ per sq. in. 
E° lg 2 40 y S45 5 = AS FE), > 30 (Specimens = 0°95 in.) | B= 240], on 200 mm = 7°87 in. 
State of metal Rough — Rough = = | = 
Com- — ; 
oe Lecueoere Length 25 mm = | in. -- H = twice thickness — — — 
pression | 
test H Ae ' a ie — / : - = —, ‘ 
| ammering on end down to } 
Results 9:52 mm = 0°375 in, not to rs Flattened down 1/3 height, no _ oe af 
cause flaws or cracks cracks 
State of metal 2 Path fib : ae i, —) = 7 5 
Temperature a= Rough, hot and cold Rough Rough a a 
Bending me = is Se : 2 zie i 
test Bent A180 ithe Round specimen, d = 30 mm : ae Payate 
Results = ending roun without _ S ay: _ 7.299 ; Round specimen, 250 mm = 9°84 in. long. _ - 
| cracks ae Fa aah Ee Bent cold, right over, to show no crack, defect, etc. 
On rough metal, length = 200 mm = 7°87 in. Threaded 2 mm 
— (0-079 in. pitch, angle 60°, depth 13mm = 0°0d1 in., in two | : : hy 
| Fracture after notch on edge to be 


Bent double, piece 200 mm 


= | operations (turning and threading). Hammerbent cold, the two ends ae : : 
| F = 8) = 787 in. long, no cracks rose-coloured, silky, fine grain. 


parallel and distant from each other by diam.of piece, No cracks, 
defects, etc. 


Bending test on threaded end = 


All bars notched at 50 mm = 2 in. from one end to a depth of 
Texture test — = | — 8 to 4 mm = 0°118 to 0°157 in. Bars broken at notch. To show | — re 
| homogeneous texture rose-colour tint, silky and fine grain, 


End proceeding from texture test. Punched in centre, hole 8 mm 


= 0°315 in. diam. and 30 mm 1181 in. deep, using conical | 
Spas | = punch (angle 24°); opened out up to entrance diam. 16 mm) 
o tes i —— z err : 
Punching test — 0°630 in, No crack, tearing effect, nor trace of oxide, Test can 


be carried to complete opening-out, when tearing effect to be in | 
one place only. 


1 . ae SiG SAS ep PYF : : I~ 450/ 
*) In the case of a very small specimen, to take a d In, one, then 2 45°), 


Table V. 


VIlls 


Weldless copper tubes for Locomotive boilers. 


Belgium 


oo lmt ries | Gr. Britain | = — Gr. Britain 
| ea ee 2 a ee a el aa 
Specification of a Austria France North Eastern Railway Railways 
Date of publication — | Railways Railways Ee Fd: 


Chemical composition 


Cu > 99, 0°35 <= As << 0°559/) 


Allowance on dimensions 


Quantity tested 


Length -+ 5 mm 
Diameter + 0°5 , 
Thickness + 2/1) , 
with 0-O° . 


First quality copper. 
Foreign elements < 04 


0°197 in. 
0:020 , 
0008 , 


0024 maximum 


Pressure -—— pet 
Bursting = 1 4° 100) tubes 
= Upsetine — = 5 eo) 
Flattenns == io 100. 


Stamping out 
Results 
test 


Final diameter = 1/, larger than original 


diameter 


Flanging test 


Flange = 40 tube diameters 


Flattening down and Bending tests 


Cold and hot. Flattened down completely, 
then bent over 180° in direction perpen- 
dicular to length 


— 


Bursting test 


To withstand minimum pressure of 
52—67 kg per cm? == 740—950 lb. per sq, in. 
NB. The same for weldless tubes for feed 
pipes; but the latter to be: 

Cu = 91-95- 0'25 — As = 0-45. 

No flange test. Hydraulic pressure test stated | 

on ordering. 


r tube 


25 


bending = ly 


99°259/, pure Cu 


Maximum weight: a) tubes 13/, in. outside 
diam, = 2:29 lb. per foot. b) tubes 2 in. out- 
side diam. = 2°64 lb. per foot 


Tensile tests on whole tube annealed R 


End of tube flattened down completely, cold, 
over length of 5 to 10 cm = 1°97 to 3°94 in., 
without any cracks. 


ae Ee ae HEE Cin tt | — per sq. mm > 14 ¢ per sq. in.; Length of tube bent, cold, until radius of bend 
eae E°%, on 4 in. = 45°0 measured internally = twice the outside diam. 
of the tube, without showing any cracks 
whatever 
Metal in the rough, cold, flat flange, 
, width = 1/, diameter, maximum = 25 mm = 1 in., 
8 mm = 0:315 in. flange at right angle, with rounding off on radius 7 a 


— thickness, No cracks or defects 


a) Cold, after annealing, double bending” 
ata twice over 
b) The same, at cherry-red heat 


Tube length 200 mm = 7-87 in. flattened 
down and bent duble without cracks 


t<¢ 


During 1 minute: 


e 
pressure P = 800 ay 


P in kg per cm’, e and d in mm 
Maximum 25 kg = 3855 lb. per sq. in. 


Pressure = 15 atm. = 213 |b. per sq. in. 


Tubes hot, filled with sand, to bend round 


thickness 

diameter 

P= number of atmospheres, thickness 
and diameter in mm 


During 1 minute P= 770 


arpofedn==sSatimes, outside tube diameter, 


Tube length 1 m = 89°37 in. annealed to 
450 —500° = 842—982° Fahr., cooled in air, 
to undergo hydraulic pressure until bursting, 
a Max. pressure 500 atm. = 7100 Ib. per sq. in. 

d 


2c 
RD 15kg. No deformation until pressure = 
1/; bursting pressure. 


R = load per mm? of original section 


Curving test 


Tube filled with rosin, curved cold over 1/, 

circumference r (curvature = 1:5 d of tube), 

No cracks or rents. Test to take at most 
two operations, 


ee ee eee ae en 


Belgium | | 


Railways. - 


— 99°25°/, pure Cu 


cight: a) tubes 13/, in. outside 
lb. per foot. b) tubes 2 in. out- 
diam. = 2°64 lb. per foot 


~ ests on whole tube annealed & 
=> mm +} 14 per sq. in.; 
Hl) on 4 int. — 45:0 = ; 


End of tube flattened down completely, cold, 
over length of 5 to 10 cm = 1°97 to 3°94 in., 
without any cracks. yor 
Length of tube bent, cold, until radius of bend jf 
measured internally = twice the outside diam. - 
of the tube, without showing any cracks 
whatever : 


- J ~ = 7 2 


“xth 200 mm = 7:87 in, flattened 
snd bent duble without cracks 


i Nae a thickness 
uring ? minute P= 770 Hameten 
P= number of atmospheres, thickness 


and diameter in mm 


$ 
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ON IRREGULAR STRAINS DUE TO THE NON- 


HOMOGENEITY OF MATERIALS. 
By Dr. techn. A. Leon, of Vienna. 


(From Mitteilungen des Mechanisch-Technischen Laboratoriums der k. k, Technischen 
Hochschule, Vienna, Vienna 1908: Lehmann & Wentzel.) 


Translated from the German by Dr. H. Borns, of London. 


The following is a summary of the results of mathematical 
investigations concerning the irregular strains, which arise in elastic 
bodies, owing to the presence of rigid or elastic enclosures and of 
hollow spaces, as well as superficial flaws of various kinds. The 
accepted law of elasticity is H ooke’s law in its extended form, i. e., 
the proportionality of stress and strain under linear (unidirectional) 
stress and the principles of the superposition of strains in two or 
three dimensions. 

It results that irregular strains are set up chiefly in a zone 
whose thickness is the diameter of the enclosure or cavity causing 
the disturbance; the irregular strains are small outside that zone 
and vanish rapidly at increasing rate with increasing distance. The 
irregular strains are hence purely local. They are greastest at the 
boundary (or in its immediate vicinity) where, according to the 
shape and kind of stress, and according also (though not in all 
cases) to the ratio of longitudinal extension to lateral contraction 
(Poisson’s ratio), a very important increase in the strains may 
be set up. 

The results of the enquiry into the irregular strains have 
experimentally to be verified by breaking tests. In. the case of 
brittle materials (glass, e. g.) in which the limit of elasticity lies 
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near to the spot of fracture, the verification will be direct. In 
plastic materials, especially in iron, the conditions are quite different. 
The elastic limit lies considerably below the tensile strength, having 
less than half that value in weld steel, and a little more than 
half of it in ingot iron and mild steel. The limit of elasticity and 
of proportionality is followed by the yield point, whose external 
characteristic is the incipient marked elongation without corresponding 
increase of stress, and whose internal characteristics are molecular 
changes, changes in the structure. This elongation, which accompanies 
a certain stress, and the already mentioned property that the 
irregular strains are merely local in nature, effect a balance in the 
strains when the yield point load is reached. 

Owing to this circumstance the irregular strains cannot be 
demonstrated in ingot iron and weld steel by the ordinary methods 
of testing. When we take into consideration, however, that with 
continuous alternations of equal tension and compression stresses, 
the breaking strength is approximately reduced down to the elastic 
limit, because on exceeding that limit, tension causes a permanent 
elongation and pressure a permanent compression, and that the 
material cannot bear this change of permanent elongation and 
compression, while the deduced strains are valid up the elastic 
limit, we may assume that the appearance of increased strains due 
to flaws in the cross-section and to the enclosure of foreign 
materials might be demonstrated, with the aid of suitable experi- 
ments, also for iron and for ductile materials in general. 

Many an unexpected breakdown occurring in parts of machinery 
after long duty might be explained on these grounds. 

The following paragraphs briefly state the results of the 
deductions: 7 

In a body of infinite extension in two directions(a plate) originally 
under a uniform, linear stress (i. e. a stress acting in one direction 
only), a cylindrical hole, circular in section, will cause increases of 
strain which may rise to: 200°/,. The circumferential strains on the 
edge of the hole assume values varying from — p to+8 p. These 
increased strains are independant of the value of Poisson’s ratio. 

When the unperforated surface is uniformly stressed in all 
directions by the same force p, a hole will produce circumferential 
strains of the order 2 p. The increase in the strains hence amounts 
to 100°/, and is again independent of the elastic coefficients. 


Een a) io 
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In bodies not of surface character, but of infinite extension 
in all directions of space, a cylindrical bore right through. will 
cause equal strains in all the directions of sections at right angles 
to the axis of the cylinder. With unidirectional stresses these strains 
will have the maximum value 3 p, with stresses in the directions 
of the cross-section the maximum value 2 p. In the latter case 
no elastic forces will be set up in the direction of the axis of the 
cylinder; but such forces will arise in the former case, and the 
range of their value will be +2 p/m (where m is Poisson’s ratio). 
When m = 2, their value will be p; m= 3, value 0°67 By m4; 
value 0°50 p; m=5, value 0:4 p; the absolute values of the elastic 
forces in the direction of the axis of the cylinder will hence decrease 
with increasing m. - 

When the perforations are not circular, but drawn out in a 
direction normal to the stress at action, the increased strains may 
attain multiples of the values stated. When the original stress is 
linear, sharp cuts in the direction of the force will hardly exercise 
any disturbing influence at all. 

In surfaces whose rectilinear edge is interrupted by a semi- 
circular notch, the strains at the edge of this notch will vary be- 
tween 0 and 2 p, when p is the stress acting upon the body, in 
the undisturbed condition, in the direction of the edge. 

When the body is not a surface, but of great (infinite) 
thickness, this distribution of the strains in the notches as just 
described will not be much altered. We have in addition, however, 
at right angles to the cross-sections and in the direction of the 
axis of the notch, strains whose magnitude will be + p/m in the 
shell limiting the semi-cylindrical notch. For m = 2, they will be 
0°5 p; form = 3, 0°33 p, for m = 4, 0°25 p; for m = 5, 0:20 p, 
again decreasing with increasing values of m. 

When a body originally under the linear stress p contains 
a spherical cavity, the irregular strains will have the limiting 
values: for m = 2, + 217 p and — 1-17 p; form = 3, + 2:06 p 
and — 0:75 p; form = 4, + 2:02 p. and -—.0°59.p; for m = 5, 
+ 2°00 p and —05 p. For the usual values of m -the strains 
may hence be augmented by 100°/, and more, and they will 
decrease with increasing m. : 

In a body of the nature of a surface of infinite extension, 
originally under linear stress, a circular, almost: rigid enclosure 


aT ee 
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will produce increases in strain which, for m = 2, will amount 
to 479/93 for m = 3)to 50°/);"for-m = 4; to53°/ 3 @ifopante=ees 
to 55°/, (and form = a, to 67) °/,. The here indicated maximum 
values are those arising in the boundary common to the two 
bodies and they affect therefore the adhesion between the two 
bodies. When the enclosures are more difficult to strain than the 
material, it may indeed happen that the strains in the material may 
still exceed the maximum adhesion strains. 

When the original stress acts uniformly in all directions of the 
central plane, the increase in the strains will amount, for m = 2, 
3, 4, 5 (co) to 33, 50, 60, 67 and (100) per cent. 

In bodies not of surface nature, but of infinite extension in 
all directions, a continuous enclosure forming an almost rigid 
circular cylinder, will, with originally linear stress p, cause in- 
creases in the strains amounting for m = 2, 38, 4, 5 (and o) 
to 50, 47, 53 (and 67) 9/); there will further be normal axial strains 
of magnitude, p, 0°4 p, 0°25 p, 0°18 p (and 0) for m = 2, 8, 4,5 
(and oo). 

When the original stress is not unidirectional, but acts uni- 
formly in all directions of the cross-sections, the strains will be 
increased by 0, 38, 50, 60 (and 100) °/, respectively for m = 2, 
3, 4, 5 (and o). Normal axial strains will be absent. 

When the stresses act in all directions in space, the strains 
will be raised by 0, 25, 40, 50 (and 100) °/, for m= 2, 8, 4, 5 
(and oo); the axial strains in the body will be constant and equal 
to p, those in the rigid enclosure will be very (infinitely) large. 

When the stress acts only in the axial direction, small radial 
and peripheral strains will result in the direction of the planes of 
the cross-sections. 

Within elastic enclosures forming circular cylinders, the 
strains will always be distributed according to a straight line law, 
when the stress-strain conditions are uniform, as they will be in 
bodies which are either practically surfaces or very (infinitely) thick. 


In a surface-body whose straight-line edge shows a semi- 
circular, almost rigid enclosure, the maximum strains will be set up 
at the edge itself and will amount to an increase of 80°). 

A spherical, almost rigid enclosure within a body of infinite 
extensions in all directions under originally linear stress will pro- 
duce increases in the strains amounting to 100, 98, 96, 100 (and 
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125) "/o, for m = 2,3, 4, 5 (and’ o); with uniform stress con- 
d.tions the increases will amount to 50, 71, 88, 100 (and 168) °%/,. 
When the stress p acts in all directions, the disturbances will 
amount to 0, 50, 80, 100 (and 200) °/. 

Within a spherical elastic enclosure, the strains due to the 
stresses to which the body is submitted will be distributed 
according to a straight-line law. 

A spherical enclosure of iron within a mass of concrete of 
infinite dimensions will raise the strains by 88, with original uni- 
directional stress, when we assume that the elastic moduli of the two 
materials are in the proportion: E,:E,—15:1, and that the Poisson 
ratio for *iron’is’m’= 4, and for concrete m, = 5.. By-super- 
position we find increases of 89 and 89-4 respectively for stresses p 
acting in two or in three chief directions. 

When however, E,:E, = 10, m, = 4, mz = 5, the maximum 
increase in strain will be 82°%/, with originally unidirectional 
stress p. When the p act in two or three chief directions, the 
disturbances in the strains will amount to 83 and 84°/). 

A circular enclosure of iron within a plate of concrete of 
moderate thickness will raise the strains by 49°/) maximum, with 
See eruiveinear eivcss ete he = 15, m, == 4, m, = 5, where 
E, and m, are the elastic coefficients of the enclosure (iron) and 
E, and mg those of the body (concrete). By superposition we 
find increases in the strains of 49+ 11 = 60°/, for stresses acting 
in all the directions of the central plane. 

mvhen however E,:E, — 10, m, = 4, my = 5, the maximum 
strain increase will be 47°’, for originally unidirectional stress, 
and it will be 47 + 10 = 57°/,, if the stress act in all the directions 
of the central plane. 

ee oe LOM AG ep (Eg == 15, m, 4, 
M, = 5), a cylinder of iron of infinite length embedded in a mass 
of concrete will, with originally unidirectional stress, raise the radial 
strains by 56 [64]°/,. The strains in the axial direction may amount 
to 013 p [0°22 p] in the concrete, and will have the constant 
value — 2°D0 p [— 1°56 p] in the iron, etc. 

In general: 

Enclosures of any kind will (as long as their dimensions 
are small by comparison with the dimensions of the body, always 
call forth increases in the strains of the material, and thus a 
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diminution in the strength of the material, whether the enclosure 
be more easily deformed than the material or not. These increases 
in the strains are greatest within the elastic range, and they 
diminish rapidly when permanent deformations occur; they are 
hence scarcely observable in the breaking load of materials which 
bear permanent distortions. With enclosures which are more easily 
deformed than the material (when the enclosures have in general 
smaller moduli of elasticity) or with flaws in the cross-section 
(holes, blisters, notches), the maximum strain is set up at the 
surface of the enclosure or of the cavity. With enclosures which are 
more difficult to deform than the material (with “hard enclosures), 
the greatest strains will be set up at right angles to their surfaces. 
In both cases the maximum strains will be set up in the direction 
of the undisturbed elastic forces. 

The formulae for rigid enclosures do not always give the 
greatest strains for “hard“ enclosures. 

The greatest danger of a fracture will, to judge by all the 
hypotheses commonly made in this connection, not be at the spots 
of greatest disturbance in strain, but always in their immediate 
vicinity. 
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INFLUENCE OF REPEATED LOADING UPON THE 
ADHESION BETWEEN CONCRETE AND IRON, OF 
BRIGHT, AND OF RUSTY SURFACES. 


By Professor Bernhard Kirsch, Vienna. 


Translated from the German by Dr. H. Borns, London, 


A summary of the results of these experiments, which should 
be regarded as preliminary to a series of more comprehensive 
researches, was published in the ,Osterr. Wochenschrift ftir den 
offentl. Baudienst*, 1909, No. 17. The members of the Copenhagen 
Congress will be interested in the chief results, and I may be per- 
mitted to give an outline of the investigation. 

Bars of 20 mm thickness were fixed in concrete, in cubes 
of 20 cm edge, altogether 144 separate pieces, three of the same 
kind in each case. Before the adhesion tests commenced, the irons 
had been submitted to previous loads, in the same sense as after- 
wards, the pressure being applied axially to the iron. The number 
of times these preliminary loads were applied did not exceed fifty, 
because | assumed that any loosening of the iron in the concrete 
would, if at all noticeable, become apparent already after a few 
applications. My object was moreover to ascertain, whether previous 
loading would have any effect at all, rather than to study the 
influence of the number of applications of the previous loads. 

The cements were a Portland cement and a slag cement, both 
slow-setting, of constant volumes, and of atensile strength, respectively 
crushing strength, of 24 and 340 kg per cm?, after four weeks. 

The sand briquette mixture was prepared in the proportion 1 to3. 

The previous load was 150kg on an adhesion surface of 125cm?. 

The mortar was not rammed down, but only well distributed 
with the aid of a pestle. The adhesion strengths are hence very © 
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low in their absolute values, which may be considered as a lower 
limit, such as is rarely to be met with in practice. The values 
appear suited, however, for the purpose of comparison. 

The tensile strengths stated were determined with the same 
cubes (of 20 cm edge) after the irons had lost their adhesion. The 
irons remained in the cube while the pressure was applied to one 
of the sides. 


Adhesion in kg per cm?. 


Cement Portland Cement lag Cement 
Number | 
of Previous Loads 0 10 50 0 10 50 
bright 8°36 |TV 26 AO et 6°40 | 6°64 
1 month 
old ay ey) 
rusty 81) 56E $3671 3°58 6°28 | 4:98 
bright 13°27.) 623) | 1B ea Saas | 778 
3 months | | 
old be 
sty || 878 | 887 | To1/ 650) 672 | 5°33 
Means iis eet ae ota 9°77 || 5:44 739 | 6°18 | 
| ) 
The mean crushing strengths were: 
Portland Cement Slag Cement 
after 1 month 106°5 kg/cm? 58:1 kg/cm? 
3 months 125'8 a Tol 


9 ” 


It would therefore result: 


1. That repeated loads of 1:2 kg/cm? do not produce 
any alteration in the adhesion, neither with the Portland cement 
nor with the slag cement. 

2. That rusty surfaces impair the adhesion, rather more in 
the case of the slag cement than of the Portland cement. 

These diminutions in the adhesion amounted to: 


after 1 month with Portland cement 4°5 per cent 
ae ss | ‘ » slag cement 15-0 Sor 
, 3% months , Portland cement 27:0 


” ” 


eae i, » Slag cement 207 ole Se 
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ON ACCELERATED TESTS OF THE CON- 


~STANCY OF VOLUME OF CEMENTS. 


Report presented by Bertram Blount, F. I, C. London, 
Chairman of the Committee 32. 


The Committee appointed for the solution of Problem 32 
,on accelerated tests of the Constancy of volume of cements“ 
consisted of the following members. 
G. Greil, Baurat im Stadbauamt, Wien (Austria), 
Th. Pierus, Ingenieur, Zementwerks-Direktor, Wien (Austria), 
E. Hiertz, chef de service de la Société Cockerill, Seraing 
(Belgium), | 

M. Petersen, Ingenieur der Danischen Staatspriifungsanstalt, 
Kopenhagen (Denmark), 

Bertram Blount, Chemical Laboratory and Testing Works, 
London (Great Britain), . 

R. Curling Styles, Chemist to the Associated Portland Cement 
Manufacturers Ltd., Watford, Herts (Great Britain), 

£. Leduc, chef de section au Lab. du Conservatoire des Arts 

et Métiers, Paris (France), 
FP. M. Meyer, Fabriksdirektor in Malstatt (Germany), 
F. Schott, Direktor der Portlandzementfabrik, Heidelberg 
(Germany), 

L. Bienfait, Ingenieur, Mitinhaber der Materialprtifungsanstalt, 
Amsterdam (Holland), 

D. von Nagy, Professor am kgl. Polytechnicum, Budapest . 
(Hungary), 

J. Zhuk, Ingenieur der Versuchsstation, Budapest (Hungary), 
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O. Rebuffat, Dr., Professeur et Directeur du Cabinet du 
Chimie a l’Ecole royale superieure Polytechnique (Italy), 

O. Car/sen, Direktor der technischen Schule, Bergen (Norway), 

A. Baykoff, Professeur de la Polytechnique, St. Pétersbourg 
(Russia), 

O. Blaese, Chemiker, Zementfabrik, Port Kunda (Russia), 

E. Schwarz, Chimiste, Fabrique de Cements, Noworossiisk 
(Russia), 

V.. Tagueef, Ingéenieur au Lab. mec, a lInst. (desmvGieemiie 

comm., St. Pétersbourg (Russia), 

R. W. Lesley, President American Cement Co., Philadelphia 

(United States), . | 

S. R. Newberry, Manager Sandusky Portl. Cement Co., 

Sandusky, Ohio (United States). 

A meeting ‘of the Committee was held at Brussels on 
January 26th 1903, which was attended by the members mentioned 
below: 

Bertram Blount (Chairman), £&. Hiertz, Mayntz Petersen, 
R. Curling’ Styles, E. Leduc, 1. Bientaig 

At this meeting it was decided that some form of hot test 
should be adopted as a standard accelerated test for the constancy 
of volume of cement. Experiments were to be made on samples 
procured from the various countries represented to decide the best 
temperature for the test and the most suitable means of measuring 
the expansion of the test pieces. A representative of each country 
was chosen to carry out the experiments; the following is a list 
of the members invited to undertake this work. 

Alfred Grei/, Austria, Mayntz Petersen, Denmark, R. Curling 
Sty/es, Great Britain, E. Leduc, France, F. Schott, Germany, 
L. Bienfait, Holland, Des. Nagy, Hungary, O. Car/sen, Norway, 
E. Schwarz, Russia, R. W. Les/ey, United States. 

A detailed programme of the methods of carrying out the 
tests was given in Appendix I to the Brussels Congress report?). 

A report of the resolutions formulated by the meeting at 
Brussels was communicated to each member of the Committee, and 
a copy of the programme of work with an invitation to cooperate 


1) Copies of the report presented to the Brussels Congress and containing 
the above appendix can be obtained on application to the General Secretary of 
the Intern. Association, Vienna, II/, Nordbahnstr, 50. 
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was sent to the members chosen by the Committee to carry out 
the experiments. 

Requests were sent to members of the Committee and others 
for samples of cement on which to experiment. The samples were 
to be (1) sound, (2) doubtful and (3) unsound. It was arranged 
that portions of each sample should be distributed to those members 
of the Committee who were willing to undertake the work of ex- 
perimenting. 

A letter was adressed to M. Rebuffat asking him to investi- 
gate the nature of the substances which tend to cause the expansion 
of cement with the view of arriving at a means of identifying and 
determining them by proximate analysis or microscopically. 

Working on the lines laid down in this programme Mr. Leduc 
(France), Mr. Bienfait (Holland), Mr. Schwarz (Russia), Mr. Petersen 
(Denmark) and Mr. Sty/es (England) have carried out a series of 
tests according to the programme and have communicated the 
results of their experiments. These results are given in appendix Il 
of the above mentioned Brussels Congress report. 

On examining the results given in these tables it is evident | 
that the ordinary cold water pat test at 28 days is not capable of 
detecting with certainty a cement known to be unsound and that 
it fails completely to detect a cement of doubtful soundness. 

It is also apparent that there is much difficulty in obtaining 
concordant results with the Bauschinger Apparatus used by different 
operators. Apart from possible errors of manipulation this difficulty 
may well be caused by slight movement of the small metal plates 
inserted at each end of the test piece, between which the measure- 
ment is made. If the cement is expansive a displacement of these 
plates is rendered more probable and the difficulty of obtaining 
concordant results will be increased.) 

The Le Chatelier test, on the other hand, gives results which 
are fairly concordant for different operators. Such divergencies as 
exist may reasonably be attributed to the fact that the samples 
were not all tested at the same time, and however carefully they 
were packed and stored may have become slightly aerated in some 
cases and thus made less expansive. It is also clear that tests at 
15°C. and at 50°C, do not suffice to detect a doubtful or unsound 


1) The metal plates should be set in with cement known to be absolutely 
sound, not necessarily with the cement to be tested. 
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cement with certainty, but that when the test is carried out at 
100°C. as originally prescribed by Le Chatelier, it is easy to detect 
even a doubtful cement whereas a sound cement withstands the 
test perfectly, expanding to the extent of only a few millimetres. 

The behaviour of the three samples specifically referred to 
in the Brussels Congress Report is typical of that of the various 
other samples examined by different members of the Committee. 
In all, five sound samples, five doubtful samples and four unsound 
samples were submitted to tests for constancy of volume. Without 
exception the cold pat test at 28 days was inadequate to detect 
with certainty doubtful samples or even samples Known to be 
unsound. The tests at 50°C. sufficed to detect samples thoroughly 
unsound but could not be relied on to detect doubtful samples. 
The only perfectly reliable tests were those at 100° C. 


Since the Conference in Brussels and the report dated 
24» Decembre 1903 no work has been officially undertaken by 
the Committee in its corporate capacity. Mr. Schwarz has however 
been good enough to communicate results obtained by tests con- 
tinued over a long period by the Bauschinger apparatus. A copy 
of Mr. Schwarz’s figures is appended. They constitute a useful 
addition to the work already reported which relates to shorter 
periods. His comments are made as an individual member of the 
Committee. , 

The question of the constaney of volume of cements has 
now been advanced to a point where a definitive conclusion can 
be stated. The experiments carried out under the auspices of 
Committee No. 32 showed that an accelerated test at a high tem- 
perature could be fulfilled without difficulty by modern cements 
carefully manufactured and of high quality. It also showed that 
cements of doubtful quality were not casily distinguished from 
those which were free from all defect except by a high temperature 
test. All cold water tests and hot tests which were simply quali- 
tative were found to be inadequate. Nothing which has occurred 
since the date of the Committeés report has tended to invalidate 
this conclusion, but a good deal has happened to confirm it. The 
accelerated hot test, at first strenuously resisted by manufacturers, 
has been accepted unreservedly in England. The British Standard 
Specification now requires that the expansion of a Le Chatelier 
test piece shall not be greater than 10 mm after the cement has 
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been aerated for 24 hours and 5 mm after the cement has been 
aerated for 7 days. This test is complied with habitually, and 
many cements are so free from expansion that these maximum 
limits are regarded by many as unduly high. During the early stages of 
the enquiry which preceded the conclusion of the British Standard 
Committee some doubt was expressed as to whether the Le Cha- 
teller apparatus was suitable for comparatively rough use, such 
as that to which it would be subjected at a cement works or 
by the ordinary engineering staff on a large constructional under- 
taking. Experience has shown that no such difficulty occurs. As 
a natural result the Le Chatelier test is established in England 
as the standard method with which makers, users and engineers 
are satisfied. 

In view of these facts it appears desirablet hat the Le Chatelier 
method for determining constancy of volume of cement should be 
adopted by the International Society as its standard method, and 
the following proposal is laid before the Congress: 

"ile the Congress Gdecidesi to {recommend the 
“method of Le Chatelier as the standard accelerated test 
“for the constancy of volume of cements.-The method is 
“to be carried out as follows: 


Le Chatelier Tests. 


“The cement is gauged and filled into the mould ona plate 
“of glass, the edges of the mould being held together. When 
“the mould has been filled it is covered with a plate of glass 
“held down by a small weight, and the whole is immersed in 
“water at 15° C. for 24 hours. Any tie or band which has been 
“used to keep the edges of the mould together during setting is 
“then removed. The distance between the indicator needles is 
“measured and the mould is placed in cold water which is raised 
“to a temperature of 100° C. in the course of half an hour and 
“is kept boiling for 6 hours. The mould is removed from the 
“water and after it has cooled the distance between the indicator 
“needles is again measured. The difference between the two 
“measurements represents the expansion of the cement. This 
“must not exceed 10 millimetres when the cement has been 
“aerated for 24 hours, and 5 millimetres when the cement has 
“been aerated for 7 days.“ 
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Long Period Tests made by Mr. Schwarz. 


Bauschinger tests. 


Expansion of a bar 100 mm in length after being kept under water 
at 15° C. stated in units of ¥/,)) mm. 
NN eee eC 


Cement I Cement I Cement III 
l 

Set Set Set Set Set Set 
Days under gia Days under corey Days under Pia 

aatery: ¢ iO Alt wateri} Aj Aut water | ait 
161 2 1 161 TZ CW Mone aoe k e) | 25 at 
168 2 2 168 12 11 | 168 25 i 
175 7) 1 175 12 12 175 26 22 
182 2 1 182 12 12 182 20 22 
189 4 1 189 12 12 189 26 22 
196 4 1 196 12 12 196 26 Ze 
2038 2 "908 eee 12°) 203° 9 tas 29 
210 2 1 210 12 11 210 26 22 
Ql 1 4 if But 12 12 218 26 23 
ZA 2 i 224 ihe 4 224 26 22 
231 S 1 Bol 1y 12 2d 26 ye 
238 3 1 238 13 ity 238 26 22 
245 3S i 245 13 12 245 26 23 
252 3) 1 252 13 ta 252 26 23 
259 3 1 259 12 1iZ ZOg 21 aa 
266 3 1 266 13 12 266 2k 23 
aia #3 1 PAE} 13 tee: 213 26 23 
280 2 1 280 13 13 280 an yas 
287 * 1 287 13 12 287 27 De 
294 3 1 294 1 12 294 26 22, 
301 2 1 301 13 lee 301 26 235 
308 2 1 308 13 iP 308 26 22 
oho Z 2 ahh 13 12 ay A 26 23 
+s Pp 2 3) O22 ibs 13 one ye | 23 
329 2 2 329 1 12 829 26 2s 
336 2 2 336 13 12 336 27 26 
343 2 2 343 13 1 343 26 24 
350 2 1 350 13 il 350 26 23 
oOt 1 Zz 357 13 12 BO 26 23 
364 -1 1 364 iD 12 364 Zt ys | 
582 2 if 580 13 18 579 at 24 
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Bauschinger tests. 
Expansion of a bar 100 mm in length after being kept under water 


aio eer stated inf Units Ol */;oo INint: 


Cement II: Cement ti Cenc 
Set Set Set Set Set Set 
Days under; 6. Days -) under. (+ ~ >> Days Unger, |p eee 
Water |, 2% ait water — alt Waereies ole 
119 19 14 119 18 16 T7 fi 4 
126 20 14 126 20 16 84 rt 4 
183 20 14 133 19 17 aE rf D 
140 20 14 140 19 17 98 7 D 
147 19 14 147 20 16 105 7 D 
154 19 14 154 20 16 112 7 D 
161 19 14 161 19 16 119 ti D 
168 19 14 168 18 16 126 7 o 
175 20 14 175 20 16 133 8 D 
182 20 14 182 20 16 140 8 D 
189 19 14 189 18 17 147 8 D 
196 20 14 196 19 18 154 8 6 
203 20 14 203 19 17 161 8 6 
210 20 14 210 21 anf 168 8 6 
217 20 15 217 21 tee Wl tO 9 6 
224 20 15 224 19 17 182 9 6 
231 20 14 231 19 se 189 9 6 
238 20 14 238 19 17 196 9 6 
245 20 14 245 19 ie 203 9 6 
252 20 14 252 19 ie 210 9 6 
259 21 14 259 19 17 21 tm |e 9 6 
266 20 14 266 19 Le 224 9 c( 
273 21 14 273 19 LC 231 9) 7 
280 20 14 280 19 Tea 2os 9 fi 
287 21 14 287 19 17 245 9 7 
294 20 15 294 19 16 252 9 i 
301 22 15 301 19 17 259 9 7 
308 21 15 308 19 14 266 9 7 
315 21 16 315 20 18 273 9 8 
B22 22 15 322 19 CY 280 9 8 
329 21 16 329 20 17 287 9 8 
336 22 16 306 19 16 294 9 8 
343 23 16 343 20 ings 301 10 8 
538 24 18 509 21 17 493 i 11 
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Bauschinger tests. 
Expansion of a bar 100 mm in length after being kept under water 
at 15° C. stated in units of 1/,5, mm. 


CBAs fiteee | Cement 34 
Days phan a Set in air Days peers Set in air — 
161 21 16 161 22 16 
168 21 17 168 21 16 
175 22 ii 175 22 16 
182 22 17 182 22 16 
189 22 17 189 22 16 
196 22 17 196 22 16 
203 22 17 203 22 16 
210 22 18 210 22 1s 
217 20 1a 217 22 17 
224 22 18 224 22 17 
231 23 18 231 22 i: 
238 23 18 238 23 17 
245 23 19 245 23 18 
252 23 18 252 238 18 
259 23 19 259 20 17 
266 23 es] 266 23 18 
273 23 18 278 24 18 
280 23 18 280 24 18 
287 23 18 287 23 18 
294 24 18 294 23 17 
301 23 19 301 238 i 
308 23 18 308 23 17 
O16 23 18 315 24 19 
322 23 18 322 24 16 
329 23 18 329 23 19 
336 23 18 336 23 17 
343 23 18 343 23 it 
350 21 18 350 23 18 
357 22 -18 357 23 17 
364 21 18 364 23 | 18 
587 24 19 586 95 | Sham 
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Results of the Le Chatelier and Hot Pat tests of Cement 3A 
after aeration at the ordinary temperature. 
ne etna a RA Sc SE ee 


ages Le Chateliér Test at 
Exposure Hot Pat Test 

Days 100° C. 
0 D2 Much cracked 
8 45 One crack at the edge 
5 42 One slight at the edge 
(cae 38 “ 

10 eons ‘ 

12 27 | Sound 

14 24 , 
freee : 

19 16 . 

21 its » 

24 10 , 

26 10 ; 

31 8 ; 

3 7 ; 

35 9 K 

38 5 » 

40 7 y 

46 1 , 

48 4 y 

50 1 | : 

53 1 
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X4 
ON RAPID METHODS FOR DETERMINING 
THE STRENGTH OF HYDRAULIC CEMENTS. 


Committee-Report presented by Dr. Fr. Berger, Vienna. 
Together with appendices by Mr. L. Deval, of Paris, and Mr, Alf. Greil, of 
Vienna, respectively. 


Translated from the German Original by A. R. Liddell, Charlottenburg. 


After the death of Prof. L. von Tetmajer, of Vienna, and 
Prof. A. Cossa, of Turin, M. F. Behrmann of Riga and the reti- 
rement of Mr. D. Wassenko and Mr. S. Drouginine, of St. Peters- 
burg, the Committee included the following members: 

Chairman: Dr. F. Berger, k. k. Sektionschef, Stadtbaudirektor a. D., 

Vienna, VII., Schottenfeldgasse 37; 


Members: Camerman E., Chef du Service des essais des chemins 
de fer de l’Etat Belge, Brussels, 31, Square Gutenberg; 

Berg D., Director of the Aalborg Portland-Cement Works, Aalborg 

(Denmark) ; | 

'Heintzel C., Dr., Chemist, Laboratorium fur Zementindustrie, Ltine- 

- burg (Germany); 

Michaelis W., sen., Dr., Cement-Technicist, Berlin NO 18, Friedrichs- 
straBe 19 (Germany) ; 

Schott F., Director of the Portland-Cement Works, Heidelberg 
(Germany); | 
Ewing J. A., Prof., F. R. S. Engineering Laboratory, Cambridge 

_ (England); 
Candlot E., fabricant de ciment Portland, Paris, 18 rue d’Edim- 
bourg (France); 
_Mesnager A., professeur a l’Ecole des ponts et chaussées, ingenieur 
en chef des ponts et chaussées, Paris, 1, 182, rue de Rivoh; 
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Feret R., chef du Laboratoire des ponts et chaussées, Boulogne- 
sur-mer (Pas de Calais, France); 

Bienfait L., Ingenieur, Testing-Establishment for Building-Materials, 
ee Da Costakade 104 (Holland); 

Morris, Dr., Chief Chemist to the Aktiengesellschaft “Christiania 
eordane Cementfabrik’’, Christiania (Norway); 

Greil A., Baurat, Vorstand der stadtischen Materialpriifungsstation, 
Vienna, Rathaus (Austria); 

Nagy D., v., Professor of the k6nigl. ungar. technischen Hoch- 
one Buda-Pesth, Muegyetem (Hungary); 

Belelubsky N., Dr., Exc., Professor at the Imperial Russian Road- 
Engineering Institution,. Member of the Engineering Council 
of the Ministry of Roads, St. Petersburg, 9 Zabalkansky 
(Russia) ; 

Bogdanoff N., Civil Engineer, St. Petersburg, Wass. Ost., 4° ligne 47, 
log. 5 (Russia); 

Schilling T., Chief Chemist to the Moscow Share Co. for the 
Manufacture of Cement, Podolsk (Russia); 


Proskuriakoff L., professeur de laboratoire de l’école des ingénieurs 
de Moscou, rue Bachmetieff (Russia); 


Wikander A., Prof., Goteborg (Sweden); 

Maclay W., W., Consulting Civil Engineer, 169, West Canfield 
pireet, Detroit, Mich. (U.S A). 

McKenna Ch. F., Chemist, 1553, Hudson Terminal Building, 
60, (Church “Str,,.New¥ ork, NV, (Uy syanae 


On the basis of the experiments made in the Federal Testing 
Laboratory in Zurich and in the Municipal Testing Laboratory 
in Vienna, the chairman of the Committee laid before the Buda- 
Pesth (3) Congress of 1901 a report which concluded with the 
following proposal: 

“As a preliminary indication of the strength development of 
Portland cement in tension and compression the six-day, hot- 
water test can be used. 

“The briquettes composed of 1 part Portland cement by weight 
and 3 parts standard sand should be kept in a damp closet for 24 
hours, after moulding, protected from currents of air and sun- 
light. The hot-water bath, after the introduction of the briquette 
should be gradually heated from 15 deg. C. to 100 deg. C. within 
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two hours, and be Kept at this temperature. The water should 
be changed after three days and replaced by water of the same 
temperature. 

“The employment of hot-water tests for the preliminary 
testing of the strength of Portland cement is not intended to 
dispense with the standard cold-water test.“ . 

The 38™ Congress has taken cognizance of this proposal, and 
has invited the Committee to continue their work in accordance 
therewith. . | : 

In October 1901, the Chairman after the Buda-Pesth Congress 
distributed a fourth circular among the Members of the Com- 
mittee. In this circular the Members were desired. to continue 
their studies on this question, and to give their views on the 
proposal above cited. 

The circular further contained a reproduction of a com- 
munication subsequently handed in by Messrs. Belelubsky, 
Bogdanoff, Wassenko, and Konossewitsch in support of the 
hot water test, and an intimation, that the test-results given in the 
reports of the Buda-Pesth Congress bore reference only to hydraulic 
cements of constant volume and that the accelerated 6-day hot- 
water test for obtaining provisional information, referred to in 
the above proposal, had, in August 1901, been included in the 
Swiss Cement Standards. 

Seeing that no expressions of opinion relating to this circular 
Were sent in, and that the Council had, at their meeting of 
February 1907, decided that Committee N° 9 should be proceeded 
with, the Chairman in a fifth circular, dated. April Ist., 1907, 
again invited the Members’ of the Committee to send him their 
proposals in regard to the question in such time that a report 
could be drawn up and presented to the Congress in Copen- 
hagen in 1909. 

In answer to these invitations, the following communications 
were sent in: 


Mr. B. Feret, Chief of the Laboratory in Boulogne-sur- 
mer wrote on April 25, 1907: 

“In answer to your fifth circular, relating to the question 
of Committee N° 9, I beg to remind you that the observations made 
by several investigators tend to show that there is no propor- 
tionality between the degrees of strength attained by the test- 
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samples after they have laid for several days in hot water and after 
they have been kept for long periods in cold water respectively. 

“T think it probable, theréfore, that the accelerated test will 
not be able to yield results of any sufficient degree of interest.” 

Mr. L. Bienfait, Co-Chief of the Material-Testing Institution 
in Amsterdam, wrote on May 38rd., 1907: 

“Although up till the time ii the Buda-Pesth Confetdiies an 
accelerated strength-testing process consisting in the keeping of 
the test-samples in hot water could perhaps be recommended, this 
seems, in view of the present conditions of the manufacture of 
cement, to be superfluous. After 6 days hardening in water of 
15° to 18°C., indeed, by far the greater number of the Portland 
cements show such degrees of strength that a 6-day test of this 
kind may easily be made and regarded as final. Moreover, tests 
of only 6 days duration are often specified for Portland cement. 
If a searching test of an unfamiliar Portland cement be desired, 
the 6-day test will not be sufficient, and its extension so as to 
embrace a period of 1, 3, 6, or 12 months may be desirable. 
The troublesome and somewhat expensive hot-water test, in connection 
with which the samples have to be kept for 6X24 hours day and 
night in water of 100°, is, in my opinion, a process, to which we 
should not go over.” 

Dr. W. Michaelis, Cement Technicist of Berlin, writes on 
April 22nd., 1908, as follows: 


“I have always proposed and strongly recommended this 
accelerated hot-water test, after having long ago established the 
fact that in this way — not without exception, it is true — such 
an acceleration of the development of strength took place in the 
hydraulic hardening process, that the samples hardened in 7 days 
with the water at 100° C. were about equivalent to those hardened 
in 28 days with the water at 15° to 18°C. 

“Now, since condemnations occasionally take place, the 
attainment of complete unanimity in regard to this accelerated 
process will probably not prove possible. I myself, however, give 
my vote for this test; for why shall we, on account of exceptions 
such as are everywhere encountered, refuse to help such a useful 
rule to recognition.” 

In April 1908 Mr. L. Deval, formerly Director of the Municipal 
Testing Establishment of Paris, submitted a detailed report supported 
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by numerous results of experiments, which appears in the form 
of a separate contribution to the report of the Committee, and in 
which the following results are reached:.» 


“The strength of the hydraulic cements increases step by 

step in hot water for at least a year. 
“On the other hand, the strength, although less in the beginning, 
increases more rapidly than in the other case, and continues to 
increase for a few months longer still. 


“In regard to the value of the hot-water process as a rapid 
test, it cannot be admitted without risk of error, that this hot- 
water test yields the same result after 7 days as does the cold- 
water test after 28 days. 


“The hot-water test does not, after 7 days, give clear indi- 
cation as to what the ultimate strength of the cement will be. It 
gives information neither as to the maximum strength attainable 
in cold water, nor as to the strength-value after a test of three 
years — the period of test here ruling. 


“Cements, in connection with which the hot-water rapid test 
has not shown a favourable result, or which are puffed up by 
the hot water, are not necessarily useless — at any rate not during 
a period of three years. The strength of such cements increases 
in cold water in like manner to that of the ones which show a 
favourable result under the hot-water test, and it may prove 
nearly the same as that of the latter. 


“The hot-water test nevertheless has a tangible advantage; 
for it enables the presence of materials (which expand or shrink) 
to be detected. 


“In our experiments the cubes were not acted upon by any 
external force. They were able, to gradually attain a degree of 
strength which enabled them, without perceptible alteration of form, 
to withstand the internal strains set up — during a period of at 
least three years — by the slow hydration of the expansive 
substances. The assertion is not justified, however, that the same 
thing happens during a long period of immersion, or under other 
less favourable circumstances, as for instance in sea water or 
under the influence of the atmospherie. 

“To sum up, we may say, that although it does not appear 
possible from the strength point of view to found upon the hot- 
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water test a method for the rapid testing of cements, the hot-water 
treatment nevertheless yields valuable information, in enabling the 
presence of expansive ingredients to be detected.“ 


In June 1908 Baurat A. Greil, Manager of the Municipal 
Testing Establishment for Hydraulic Cements in Vienna, sent in 
a report, which was supported by results of experiment, and which 
is likewise printed as a separate contribution towards the work 
of the Committee. Mr. Greil comes to the conclusion that on 
account of the unreliability of this method of testing, its adoption 
is not to be recommended. 


Of the five gentlemen whose opinions are given, 
Mr. Michaelis is in favour of the hot-water test, while 
Messrs. Feret, Bienfait, Deval, and Greil are unable to 
recommend it. 


Conclusions. 


The numerous test-results given are in fact so con- 
tradictory, that the hot-water test appears too unreliable 
to admit of its being employed for rapid tests made to 
determine the strength of hydraulic cements. 


Under the circumstances, then, it appears the right 
course, not to pursue the question of the applicability 
of the hot-water process for the acceleration of the 
testing of the strength of hydraulic cements, any further. 


On the other hand the experiments of Mr. Deval 
have once more demonstrated how valuable this test may 
be for the giving of information as to the tendency ofthe 
cements to swell up and crack. 


The question as to the attainment of constancy of volume 
of the cements is under consideration by Committee No. 32, which 
will no doubt take these suggestions into account. 


Now while the proposal is made, that the question of the 
hot-water test as a rapid method for determining the strength of 
cements be allowed to drop, this does not mean that Committee N° 9, 
which was appointed to consider it shall be dissolved, but rather 
the suggestion is put before the individual members, that they 
pursue this important subject further, and it is thought that an 
elucidation of the chemical processes at work in the material may 
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yield tangible results such as may be applied so as to admit of 
a more rapid judgment of cements. 

Any results of experience, that may be obtained, should then 
be communicated to the Chairman. 


At the end of March, 1909, the foregoing report was sent 
to all the Members of the Committee in a 6" circular in which 
these gentlemen were desired to give expression to their views 
with regard to it by the end of April. Answers favourable in 
every respect were received from the following gentlemen: — 
Mr. L. Bienfait, of Amsterdam, Mr. R. Feret, of Boulogne-sur- 
Mer, Mr. A. Greil, of Vienna, Mr. Dr. C. Heintzel, of Lunne- 
burg, Mr. W. W. Maclay, of Detroit, Michigan, and Prof. 
D. P. Nagy, of Budapesth. 

Dr. W. Michaelis, of Berlin, attributes the discrepancies 
(condemnations) in connection with the hot water test to the in- 
sufficient homogeneity of the original mixture, but admits that 
when rational advantage is taken of the improvement of the cements 
effected by means of finer grinding, a good idea of their per- 
formances may already be obtained in a much shorter time than 
formerly. 

In view of this result of circular No. 6, the reporter believes 
himself justified in laying the above conclusions, as the expressed 
opinions of the Committee, before the 5‘ Congress for final 
decision. 
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O0 NOTE ON THE RAPID TESTING OF 00 


CEMENTS TREATED WITH HOT WATER. 
By M. E. Deval, Paris. 
_ Appendix to the report of Committee 9, 
Translated from the French by A. R. Liddell, Charlottenburg, 


When the hydraulic cements contain neither expansive 
ingredients (lime and magnesia in excess) nor salts that are de- 
composable by boiling water, hot water (at a temperature of 
100° C.) gives their mortars at the beginning of their immersion 
greater strength than cold water. 

On the other hand hot water produces a rapid hydration of 
the expansive ingredients, which shows itself, either in a di- 
minution of the strength, or in swellings and cracks. 

According to the circumstances, then, hot water may accele- 
rate or retard the hardening of the mortar. 

We have endeavoured, at different stages in the hardening 
process, to compare the strengths of the hydraulic cements (neat 
and sand briquettes) immersed in hot water (of 80° to 100° ©), 
with those attained by the same materials after the same times of 
immersion in cold water (of 15° to 18° C.). 

We have then investigated the question, whether hot water, 
which at the outset gives greater strength to the mortars, could be 
used for the rapid testing of cements, and would give any indication 
of their ultimate strengths. 

Our briquettes in figure-of-8 form have a_ sectional area 
of 5 square centimetres. The neat briquettes were prepared 
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with 25 per cent of water, and the sand briquettes with a pro- 
portion of water equal to 11 per cent of the combined weight of 
cement and sand. These latter mortars had the consistency of 
moist earth and were stamped into the moulds. : 

The briquettes were kept sheltered from draughts and from 
the rays of the sun for 24 hours in the laboratory cellars before 
being immersed either in hot or in cold water. 

The strength increases with the time of immersion in 
hot water. 

Our tests were made on Portland cement, slag cement, and 
quickly-setting Vassy cement. 

The briquettes were broken by tensile strain after periods 
of 2 days, 7 days, 28 days, 3 months, 6 months, 9 months, and 
one year respectively. 

In connection with the Portland cements, we have found 
that the strength of the neat briquettes under the heat treatment, which 
is at first greater than that under the cold one, gradually rises in 
spite of some irregularities in the results, but increases less rapidly 
than the strength in cold water, which almost always exceeds the 
other at the end of a year. The strength of the sand briquettes 
(1 part cement to 3 parts by weight of standard sand) in hot 
water keeps its place, except in a few cases, above that in cold 
water at all stages of the tensile tests. 


With very aluminous cements, such as those made of slag, 
which contain from 15 to 16 per cent of alumina and therefore a 
large proportion of aluminate of lime, the general course of the 
hardening process is the same. It not infrequently happens, how- 
ever, that the strength of the neat briquettes in hot water at the end 
of two or even of seven days remains less than that in cold 
water by reason of the dehydration of the aluminate of lime by 
the water of 100° C. The strength of the sand briquettes under 
heat is in general superior to that under cold at all stages of the 
tensile tests. 

In regard to the quickly-setting cements, such as the Vassy 
cements, the neat briquettes are found to give results similar to those 
with Portland cements; but with the sand briquettes (2 parts by 
Weight of cement to 5 of sand) the similarity is less complete. 

In short, the strengths of the Portland, slag, and Vassy 
cements (whether in the forms of neat or’ sand briquettes) 
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continues to increase in hot water for a year, which was the 
limit of duration of our tests. 

In view of the circumstances that hot water in general 
accelerates the setting of mortars and increases their strengths, at 
least at the beginning of their immersion, the attempt has been 
made to found a method of rapid testing of cements on the hot- 
water process. 

Some experimenters have thought that the strength in hot 
water after a 7-days immersion would be sensibly the same as 
that in cold water after a 28-days immersion. 


Our experiments relating to this point have only been ex- 
tended to neat briquettes of Portland cement. 


Amongst 109 tests, we only found 14 the results of which 
differed from one another by less than 3 per cent of the strength- 
value under heat and 33 in which the difference did not exceed 
19 per cent. 


The differences are sometimes positive and sometimes nega- 
tive; they range up to 63 per cent. 


It will be apparent, then, that, even though a variation of 
10 per cent were regarded as negligible, an agreement of results 
is established only for 47 tests out of 109, The experimeter, then, 
may be said to run the risk of deluding himself in 57 cases out 
of 100, should he take, as the probable strength of cement in 
cold water after a 28-days immersion, that which he would have 
found by a rapid test in hot water. 


Can the tensile tests on neat briquettes after.2 and 7 days 
immersion in hot water respectively, nevertheless, give indication 
of the ultimate strengths of these cements and of their mortars? 


We do not think so; for we have not found any propor- 
tionality between the strengths of the cements in hot water after 
seven days and those which they develop in cold water at any 
period of their immersion ranging up to three years. 


We cannot here set forth all the results of our numerous 
tests; we shall only give some of them in the following table 
in order to show that equal strengths obtained under 7-day 
heat-tests may correspond with strengths under 3-year cold water 
tests that differ widely from one another and vice versa, It may 
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indeed be observed that the strength after 3 years may even be 
less than that in the 7-day test with hot water. 


| | in kilogram oe 


’ Strengths in hot 
water after 7 | | | 
daysimmersion [53°60,50°70 42°50/22°00/40°00)/84'25|42°75'39°00 29 50 38°00 53°75|44°00'54°75 51°50) 


Maximum ~~ <. | | 
strengths after 
from 2to 3days |. f - 
in cold water 66°75 71°00 65°25/58°75 58°25/59‘00/50°50/53°50|56'00/61°65 67 25/68°00|63 25 58°70 


Strengths 
in cold water : 
after 3 years’ 
immersion 54°50/58°50 85: 25|58°75 58°25 59°00) 41°25|/35°75 54°00/57°25 60°25 61°75/59.25 65°25 


‘Should we a priori reject the cements for which the rapid 
test under heat has shown the presence of expansive ingredients? 

We have observed above that the cements that are devoid 
of expansive ingredients, will, when first immersed, show greater 
strengths in hot than in rale water. Such is the behaviour of 
cements reputed to be of good quality. Cold water tests which 
we have made on cements of this kind, immersed for periods of 
three years, have shown us that the curve of results given by 
breaking at different periods varying from two days to three years, 
shows ups and downs and a maximum which does not necessarily 
correspond with the result of the last test. This maximum, which 
shows itself at different periods, according to the cement in question, 
does not occur simultaneously in the tests on the neat briquettes 
and on those of the corresponding sand briquettes, 

_ The cements which in hot water show departures from. the 
general rule which we have just enunciated in our experiments, 
behaved in three different ways: 

: 1, The strength in hot water has been less than that in cold 
water, it may be after two days or after seven days. 
. A fall is shown in the strength under the hot test on the 
Sap eith day. . 
oy Lhe «hot: watenadhas 3 desioneds cracks Anal swell Kae 


~ These anomalies are attributed-to the hydration of the 
expansive ingredients; the uncombined lime and magnesia, which 
have been overburnt- during the “manufacture of the cement, are 
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then hydrated only very slowly, while hot water facilitates their 
hydration. This may begin at the beginning of the experiment, 
as in the first case, or it may not show itself till after an immer- 
sion of several days, as in the second case. 

Side by side with the rapid tests with hot water, we 
have with the same cements undertaken tests of long duration in 
cold water in order to ascertain whether the cements showing 
the anomalies to which we have just referred, show certain irre- 
gularities in the cold-water test of such a kind as to cause them 
to be looked upon as defective. 

We have found, on the contrary, that the setting and hardening 
in cold water are not influenced in the same way as in the case 
of the cements which in hot water follow the ordinary rule. 
The curve of strength shows ups and downs, and passes through 
a maximum which is not always at the point corresponding with 
the last test. 

The following table gives the limits between which, according 
to our experience, the maximum strengths and the strength after 
three years of immersion have varied for the cements which have 
followed the general rule and for those which have shown the 
different anomalies referred to above. 


Strength after 3 years immersion 


Results of the hot Strength maxima in cold water 
tests with 2 and 7 days | in cold water aoe 
immersions kgs. pure cakes mortar !/, 
kgs. kgs. 


The strength at the hot 
test is superior to that 
at the cold test . . . | from 40°25 to 71°00] from 82°25 to 68°25 | from 16°50 to 40°25 


The strength at the hot 
test is inferior to that 


at the told'test . .*. | ; 52:50 , 68°25], 42°25, 57-25)-., -20°00-, 43°25 


A fall occurs in the 
strength at the hot test 
on the 7th day . . .|, 45°00, 62°50] , 39:00 , 62°50| , 19°75. 40°50 


The hot water has caused 
swellings or cracks. .| , 45°25, 5800] , 40°50, 58°00) , 22°75 ,, 35:00 


The cements of the first line are those which are reputed to 
be of good quality. It will be observed, that the cements of the 
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2nd, 3d and 4" lines, which have shown anomalies in hot water, 
have in cold water acquired strengths that fall within the limits 
shown by those of good quality. 

From the point of view of the strength to which they can 
attain, whether in the form of neat or sand briquettes, the cements 
whose briquettes develop swellings in hot water are not, therefore, 
necessarily bad. The hot water has merely enabled us to recognize 
the presence of an element which, though perhaps a source of 
future danger, does not show itself during the three years that 
our experiments lasted. It is, further, a matter of common know- 
ledge, that a short exposure of a cement to moist air often suffices 
to prevent it from swelling further in hot water. 


Conclusions. 


The conclusions which the experiments, the results of which 
we have briefly touched upon in the foregoing, have led us to 
form may be formulated as follows: 

The strength of hydraulic cements increases progressively in 
hot water for at least a year; but the strength in cold water, at 
first inferior to the first-mentioned, increases more rapidly and takes 
the lead after a few months. 

From the point of view of rapid testing, it cannot be said 
that strength under the hot test at the end of 7 days is always 
equal to that in cold water at the end of 28 days, 


The hot water test does not, after.a 7 days immersion, enable 
the ultimate strength of the cement to be predicted. It gives no 
certain information, either as to the maximum attainable by the 
strength under the cold treatment, or as to the value that the latter 
will show at the end of the three years to which our tests extend. 


The cements for which the rapid hot-test has been un- 
favourable, or which hot water has caused to swell, are not ne- 
cessarily dangerous, at any rate for a period of three years. Their 
strength increases in cold water in a manner analogous to that of 
the cements the hot-tests of which have been satisfactory, and this 
strength may become nearly equal to that of the latter. In our 
experimenting-troughs, however, where the briquettes have been 
submitted to no external strain, they have been able gradually to 
acquire sufficient strength to withstand the internal strains set up 
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by the slow hydration of the expansive ingredients without visible 
deformation. It cannot, however, be asserted that the same will 
be the case for a longer period of immersion than three Veats. or 
under other less favourable conditions, as for instance near the sea 
or under the influence of atmospheric agents. 

To sum up, we may say, that although it does not appear 
possible from the strength point of view to found upon the hot- 
water test a method for the'rapid testing of cements, the hot-water 
treatment nevertheless yields valuable information in enabling the 
presence of expansive ingredients to be detected, 
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ON RAPID METHODS FOR DETERMINING 
THE STRENGTH OF HYDRAULIC CEMENTS. 


By Alfred Greil, Vienna. 
(Appendix to the Committee Report 9.) 
Translated by A. R, Liddell. 


In the years 1901, 1902, 1903, and 1907 a series of 6-day 
hot-bath tests were made in the Municipal Testing Laboratory for 
Hydraulic Cements in Vienna, so as to afford a comparison with the 
28-day cold water tests with Portland and slag cements. The results 
thereby obtained are put together in the tables here annexed. 

From this long series of experiments, which in the first three 
years were directed towards the determination of the compressive 
strengths and in 1907 towards that of the tensile and compressive 
strengths, an agreement between the results was not, it will be 
seen, obtained, but these showed considerable fluctuations, the hot- 
bath test sometimes giving the better and sometimes the worse 
results in the individual cases. 

In the case of the Portland cements the differences are not 
so considerable as in that of the slag cements, with which, in 
the hot-bath test, considerably poorer results were almost without 
exception obtained. 

For slag cements the shortened hot-bath test is altogether 
unsuitable; for in the case of 29 comparative tests, the 28-day tests 
in 27 instances gave higher and often far higher results than the 
hot-bath tests. 

With Portland cements the hot-bath test gave the better 
results in 23 cases out of 87, while the cold-bath test gave the 


better results in 64 cases. Only in 16 cases did the diff 
in the compression-tests vary so little, that the question of suffici ' 
of agreement could be considered at all. ! : 

It remains to be mentioned, that all the samples tested com- 
pletely withstood the drying and boiling tests. 4 

In view of the tests made, the conclusion is carrera that 
the introduction of this new and rather circumstantial method | of | 
testing is undesirable. 
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XVII i 
ON THE CORROSION OF IRON IN WATER 


AND AQUEOUS SOLUTIONS. 
By Prof. E. Heyn and Prof. O. Bauer, Gr.-Lichterfelde. 


(Translated from the German original by G, Lemmey.) 


The authors gave in numbers 1 and 2 of the “Mitteilungen 
des Materialprufungsamtes, 1908“, a paper under the above title, 
from which some of the most important points have been taken 
and collected in the present report. For further information, 
therefore, reference should be made to the paper in question. The 
work it deals with was carried out from 1900 to 1907 in the 
Royal Testing Laboratory, Grof-Lichterfelde, and is still being 
proceeded with. 

The degree of corrosion of iron, as it occurs under various 
cicumstances in liquids, is estimated by recording the loss in weight 
of small iron plates, after an exposure lasting generally over 
a period of twenty-two days, and the data given apply to the 
reaction as taking place at the ordinary temperature of the room, 
~when no mention to the contrary is made. 


A. Influence of oxygen and carbon dioxide on the corrosion 
of iron in water and dilute solutions. 


1. The two essential factors which determine the 
corrosion of iron in water and in aqueous solutions are 
the presence of the water in its liquid state and of oxygen. 
The presence at the same time of carbon dioxide is not 
essential. The very important action of oxygen was alluded to 
by M. Traube in 1885. Spennrath proved that the presence of 
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oxygen was a fundamental condition and that the presence of 
carbon dioxide was not necessary for rust formation. The authors 
of the present report have by a series of researches also proved 
that carbon dioxide is a superfluous element in the matter and 
have arrived at similar results to those recently found by Dunstan. 

The tests described in the above mentioned paper by the 
authors show that air containing about 15°/, of carbon dioxide, has 
an action upon iron in contact with distilled water only about 
double that of air which is free from carbon dioxide, other conditions 
being the same. This proves. that the small proportions of carbon 
dioxide contained in the atmosphere can have no influence to 
speak of upon corrosion. 

2. By excluding’ oxygen, the attack Ofa1ron 4iewaren 
and aqueous solutions can be prevented in so far as the 
liquids considered have not the character of acids. By 
checking the access of oxygen to the liquid rust formation is also 
checked to a corresponding degree. 

The attempt to prevent the oxygen in the atmosphere from 
having access to the water, by covering the latter with an oil film, 
the object being to preserve the iron surrounded by water from 
corrosion, fails because oil absorbs oxygen much more readily 
than does water and passes on the oxygen to the water beneath it. 

On the other hand, by suspending inside the water small 
bags filled with powdered charcoal, it is possible, in certain circum- 
stances, to reduce corrosion to one fifth its normal amount, the 
charcoal absorbing the dissolved oxygen from the water. This 
method may perhaps prove capable of practical applications. 

3. A pure solution of carbon dioxide in water, ‘Cannotues 
oxygen be excluded from it, give rise to rusting; it has however, 
as all acid solutions, a solvent action accompanied by an emission 
of hydrogen. Rusting can only set in when at the same time 
oxygen is present in the solution. The reactions, adopted by the 
advocates of the ,carbon-dioxyde theory of rusting“, viz: 


a), Fe qr GOa-r H,O) == FeCO,a- Hp 
b) 2FeCO.-23H,0 +/0, =e (OH) 2GGs 
may therefore very well occur, but are not indispensable with the 


formation of rust, for the latter can set in quite independently of the 
presence of carbon dioxide. If there be no oxygen present then 
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reaction (a) can proceed only up to a certain limit, which is 
determined by the degree of solubility of the iron carbonate in 
water containing a carbonic acid. 


When, therefore, the mass of water acting on the iron is 
limited in volume and kept saturated with carbon dioxide, 
corrosion of the iron consequent upon the passage of pure carbon 
dioxide through the water, may be less in extent than is produced 
by passing through the water a mixture of air and carbon dioxide, 
or of air free from this latter gas. 


Conditions of course are different when fresh masses of water, 
each saturated with carbon dioxide are allowed to play continuously 
upon the iron. In such a case the solvent action reaches no limit 
but can continue indefinitely and the action of water containing 
carbonic acid, air being excluded, may thus be greater than that 
of water containing air free from carbon dioxide. 


4, Let us denote by “c“ the number of gramme molecules 
of oxygen in one litre solution in the immediate vicinity of the 
HOM pitte at tne end Of the time “z*; and by c, the number of 
gramme molecules of oxygen corresponding to the complete 
saturation of the liquid. Then the greater “c“ becomes in the 
vicinity of the iron the faster does the formation of rust proceed. 
The rapidity of corrosion and consequently the consumption of 
Ore Peiei uic.Unit Of time is therefore proportional’ to “c“. The 
oxygen supply is taken in at the upper surface of the liquid and 
reaches the iron by diffusion. The rapidity with which the supply 
is renewed can with sufficient accuracy be taken as proportional 
to the difference in oxygen concentration c,—c.° Therefore, the 
change that takes place in oxygen concentration in the unit of 
time and in the vicinity of the iron is 


dc 
a) ets —kce+k, (cy —Cc) 


where k and k, represent coefficients independent of c. 
After a certain time z‘ equilibrium will be established between 
the consumption of oxygen kc and the supply of oxygen k, (Cy) — Cc); 


raped Me “sa 
then the change in concentration raat o. Hence, after this time 


we have 
by, k ch = k, (cy — Cc’) 


Area Gap 
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where c’ represents the oxygen concentration after equilibrium 
has been reached in the portion of the fluid in contact with the 
small mass of iron. If “v“ be the loss in’ weight “or the statcer 
through rusting during the time z, the speed at which rusting is 
being effected is then given by the relation | ~ i ae 


CLA Da eee 
c) epee and also 

dy oe Aisa dK Mamie 
d) 55 = (¢ se iieg aie 


The value of k depends on the area of the iron exposed; 
this plays an important part in the reaction. Hence direct com- 
parison is only possible between experiments in which equal 
surfaces of iron have been exposed. From the above equations 
the following deductions may be drawn, all of which have been 
confirmed by actual experiment: 


a. For similar concentration differences cy—c, the 
value k, is substantially dependent upon the distance 
between .the layers of liquid in’ which the oncentraria 
has its maximum value cy and those layers in immediate 
contact with the iron, where the concentration, 15 Cy if tie 
degree of concentration cy prevails solely at the surface of the liquid 
in contact with the atmosphere, then the distance between the 
iron and the upper surface of the liquid has a predominaut 
influence on the value k,. The greater this distance, the smaller does k, 
become and the smaller also the rate at which corrosion proceeds. 
The distance is least when the iron is only partially immersed in the 
liquid, in which case air has direct access to the point of contact 
between the iron and the upper surface of the liquid. At such 
a point c’ = cp), whilst. at greater depths from the upper surface 
of the liquid, c’ gradually decreases. The attack on the iron is 
consequently most severe at the upper surface of the liquid. Here a 
spongy mass of rust is speedily formed and this beeing more 
permeable than water to the surrounding air, a high concentration 
of oxygen takes place through the spongy oxide which reaches 
the metal to some depth beneath the liquid surface, giving rise 
to increased corrosion. 
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The highest concentration of oxygen does not however 
necessarily occur at the upper surface of the liquid. In certain 
instances, air bubbles which form in certain parts of the liquid 
have also the same effect!) 

g. The area of the upper surface of the liquid through 
which the atmospheric air is diffused down to the iron, 
aifects the value k,. The greater this is, the faster does rust- 
formation take place, other conditions being the same. The formation 
of concentration currents also depends upon the extent of this area 
and the distribution of the oxygen concentration c in the liquid is 
greatly influenced by such currents, leading to irregularities in the 
attack of the iron. 

fe lieihe Oxy senrconcentratidny ch=sc¢, be maintained 
in the neighbourhood of the iron by means of aconstant 
current of fresh air finely divided, then we have dv:dz=kc, 
and the rate of corrosion attains its highest value. This makes 
evident the difference which exists between corrosion tests in which 
air has passed through the water to the iron, and those where air 
is alone allowed to act direct on the surface of the metal, either 
as a current or quiescently. In the first case the rate of corrosion 
is, for instance, twice as great as in the two latter. 

6. If cy be increased, by increasing the partial pressure 
ofthe oxygen in the atmosphere in contact with the liquid, 
a correspondingly increased rate of corrosion is obtained according 
to equation (d). An increase in the partial pressure will occur when 
the pressure of the air in contact with the liquid is raised. Then 
Cy increases proportionally with the pressure. . But the partial 
pressure can also be increased when a mixture richer in oxygen 
than the air is brought in contact with the liquid. 

Seeing that the solubilities of nitrogen and of oxygen in 
water are in the ratio 1:1°'9, by heating a liquid saturated with 
air, a gas mixture is obtained richer in oxygen than ordinary air. 
Should this gas mixture collect in bubbles on the surface of the 
iron placed in water, such, for example, as on parts of steam 
boilers under pressure, there are then two causes for an increase 
in the rate of corrosion; first, the increased partial pressure of the 
oxygen by reason of the greater oxygen proportion in the gas of 


1) E. Heyn: “Researches on the corrosion of iron in water“, Mitt. Kgl, 
Techn. Versuchsanstalten, 1900, pag. 38. 
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the bubbles, and, in the second place, the increased partial pressure 
owing to the greater total pressure of the gas mixture. 

If the pressure on water saturated with air be suddenly 
decreased, then an oxygen-nitrogen mixture, corresponding to the 
difference in the two pressures, is given off in the shape of bubbles, 
and these are occasionally so numerous and finely divided that 
the water takes a milky appearance. If water in this state comes 
into contact with iron, it induces corrosion as great as would be 
obtained by passing a mixture rich in oxygen through the water. 

«. The renewal of the. liquid has a great influence on the 3 
rapidity of corrosion. Should, for instance, the water contained in 
a vessel and with which iron is in contact, be constantly renewed 
by fresh water saturated with air (by a constant current, for example, 
flowing in and out the vessel), then c' is always equal to c as 
in case y; and the rate of corrosion dv: dz then reaches its 
highest figure. But the rate of corrosion is also increased when 
renewal does not take place so rapidly that c' = Cp. 

¢. The proportion of the exposed surface of the iron 
to the volume of the liquid has also a marked influence upon 
the rate of corrosion. If a number of iron plates be placed one over 
the other in a vessel containing the liquid, the oxygen concen- 
tration c’ corresponding to the equilibrium state, will be different 
at the various distances from the upper surface of the liquid, 
reaching the limit o at a sufficiently great distance. If a number 
of plates of iron of different qualities were thus exposed to the action 
of the liquid, it would be a great mistake to attempt to compare 
one with the other as to their resistance to corrosion. A mistake 
of the same nature is made when the current of liquid is supplied 
at some particular point of. the vessel in which are placed, for 
comparison, iron specimens of various qualities. A high con- 
centration of oxygen prevails at the point at which the liquid 
highly saturated with air is supplied, this concentration decreases 
with the distance from the point of supply. The specimens at a 
distance from the inlet will therefore be under conditions quite 
different from those which obtain at the point of supply. A com- 
parison of their relative corrosions is therefore out of the question. 


5. A number of tests have been made which show that the 
inner surfaces of the bell plates of a gas holder which dip 
into the water-seal, corrode when they are not covered 
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with an efficient protective coating. This observation decides 
a question of great practical importance. The experiments showed 
that lighting gas reduced the corroding effect, but that it did not 
actually prevent it. Corrosion takes place in this case because the 
oxygen from the atmosphere is able to diffuse to the iron through 
the water-seal. 


B. Influence of contact between iron and other metals upon 
the rate of corrosion in water and aqueous solutions. 


The following law generally applies: 

a) When iron is in contact with one of theless nobie 
metals!) in the series of contact potential differences and 
both metals are placed in aqueous solutions producing 
corrosion, the corrosion of the iron decreases while that 
of the other metal is accelerated, and 

b) When the iron is in contact with a nobler metal?) 
in the same series, in similar conditions, the corrosion of 
the iron is largely increased. 

The classification of metals by these contact potential 
differences is not a hard and fast one, but varies with the liquid 
in which the metals are plunged, so that the position of a metal 
in the list may change with the liquid. 

It should be added at this point that for*the production of 
effects under a) and b) it is not necessary that there should be 
sufficient potential difference between the two metals placed in the 
liquid, to lead to a visible decomposition of the water, since the 
effect is observable at even a very low potential difference, though 
it naturally increases as this rises. The above laws are dealt with 
in a masterly manner by Diegel in his most valuable work ,,The 
preservation in sea water of the more common copper alloys“?). 
In this work can also be found most comprehensive data and 
illustrative quotations of the highest technical value. 

1. The contact of iron with copper increases corrosion 
on an average by 25°/, in the case of town supply water, the corre- 
sponding figure being 47°/, in artificially prepared sea water. By 


1) More electropositive, as zinc for instance, 
2) More electronegative as copper. 
3) ,Marine-Rundschau* IX, 1898, 11th issue, p. 1485. 


XVII1 


special experiments, il was proved that the decomposition of water 
plays no part in the reaction. The effect of the copper is that it 
causes the oxygen in the water to act more energetically upon the 
iron electrode than’ when there is no copper in contact with the 
iron. Where there is no oxygen in solution, the iron, even when 
in contact with copper, is not attacked. 


2. Iron in contact with nickel: The tests showed that 
iron in contact with nickel, both being placed in water, corroded 
about 15°/) more than when not in contact with the nickel. 


8. Steel in contact with cast-iron under water: The 
tests showed that cast-iron does protect steels. Corrosion of the 
latter is decreased by 50°/, when air is merely allowed free access 
to the water surface, and by 28°/) when the air is passed through 
the water. At higher temperatures, at 60 degr. Ct. (140 degr. F-.), 
for example, similar effects were observed, there being a decrease 
of about 16°/, in the corrosion of the steel. 


4. Contacts between iron specimens cut from the 
same bar but differently treated: It-.was found that two 
Specimens taken from the same iron, but worked-up differently 
(by rolling, forging, heating etc.), and placed in water, in contact 
with each other‘), generally show an electric potential difference, 
and this would tend to prove that they have an influence one 
upon the other in the matter of corrosion; the iron which happens 
to be in a less noble state is attacked more energetically and 
protects the more noble one. Such influences are commonly 
undervalued by technical men. 


As an illustration of this, we may mention the result of a 
research made with the object of finding out the cause of the deep 
corrosion of the steel of a steam boiler at the points where the 
Galloway tubes were welded to the flue. This showed that at 
those parts where hammering of the weld down to red heat was 
not possible, the steel had become overheated’), while at greater 
distances from the welds, the steel showed no indication of over- 
heating. Further special tests indicated that steel which is not over- 


1) It should be remarked that in an iron sulphate solution, this difference 
does not of a necessity occur. 

*) For more particulars on this point see: E, Heyn, ,Diseases of iron 
and copper“: ,Z. Verein, D. Ing.“ vol: 46) 1902: 
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heated occupies a less noble position in the series of contact 
potential differences than that which is overheated, and that the 
potential difference between the two may reach a _ considerable 
value. Consequently, when overheated and non-overheated steel, 
of the same chemical composition are in contact with each other 
in water, the non-overheated iron will be more strongly attacked 
than if there was no such contact. Tests showed that the ratio 
of attack of the overheated steel to that of the non-overheated, the 
two being in contact in distilled water, was from 1: 1:25 to 1:1°5. 


C. Comparison of several classes of iron with regard to 
corrosion in water. 

Although it may be stated in the following that one kind of 
iron rusts more than another, this does not apply to the entire 
class of the iron from 
which the test specimens 
were taken, but only to 


the material tested, in par- a 
ticular cases and only to = 
the particular conditions 8 
which governed the test. S 
Ceelnilience “Of is 
manganese and phos- = 
Pot Bae wal hon: Time in months. 
The result of a series C, steel = 100. B, Wrought iron. 
of researches with cast- 
iron was that the in- Fig. 2. 
fluence of the percentage 
of manganese and phos- e 
phorus within the limits = 
of 0-46 to 3:08 Mn and 9 
O:072 to 3°38’ .P “based = 
upon tests in water lasting 3 


Over twenty-two days, is 
negligible as compared Pome aay months. 
with the infiuences dis- C, steel == 100. A, Cast-iron. B Wrought iron. 
cussed in the foregoing. 

b) Comparison between soft steel, wrought and cast- 
irons. 
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The experiments showed, so far as twenty-two day tests go, 
that it is questionable whether there is any greater attack on cast- 
iron than on the two kinds of malleable iron tried; at all events, 
the difference, if any, is much less than is generally admitted. 
It falls into the background, therefore, when compared with the 
variations brought about by the other influences, already alluded to. 


The results of researches lasting over long periods are illus- 
trated in the diagrams figs. 1 and 2. In one experiment, fig. 1, 
the wrought iron rusted at first more rapidly than the steel; — 
later on, however, the conditions were reversed and after a twelve- 
month the rust formation on the steel stood, to that on the 
wrought iron, as 100 to 93. The result of the second test was 
again different, as shown in fig. 2. In this the wrought iron first 
rusted more slowly, the rate increasing somewhat after seven months 
had elapsed, after which period the ratio: steel to wrought iron, 
was 100 to 100.5. The ratios require further study, but the 
experiments however, show that the class of the iron has but a 
limited influence, Fig. 2 also shows the curve for cast-iron. The 
small cast-iron plates were slightly thicker than those of the wrought 
iron and of the steel. The curve shows the corrosion compared with 
that of the steel after correction for the greater surface exposed. 
The statement already made holds here also and in these corrosion 
experiments the cast iron behaved in practically the same way as 
the two kinds of malleable iron. 


Seeing that in the literature dealing with the subject the 
assertion is frequently made that the solubility of materials in 
sulphuric acid furnishes a fair criterion of their susceptibility, 
to rusting we state below the figures observed for the classes of 
iron above referred to: The loss in weight in sulphuric acid 
(1°/, solution) was in the following ratios: 


Soft steel : wrought iron: cast iron = 1: 2: 100. 


Further, the relative facility of corrosion in water kept con- 
stantly saturated with carbonic acid was in the ratios: 


Soft steel : wrought iron : cast-iron = 1: 1°31 : 4:3. 
From this it is seen that the behaviour of these metals in 


regard to these acids forms no measure of their susceptibility to 
rusting. 


XVIIi 


D. Comparative experiments on the action of various liquids 
in furthering the corrosion of iron at ordinary temperatures. 


In all the experiments, the installation was so arranged that 
the supply of oxygen was not effected by passing air through the 
liquid, but by diffusion through the upper surface of the solution. 
The area of the upper surface of the liquid and the distance of 
iron specimens from the surface were maintained the same in all 
the experiments; the exposed area of all the iron specimens was 
of course also the same in every case, The loss in weight of the 
small iron plates after a period of twenty-two days was taken as 
a measure of the corrosive effect. Detailed information is given 
in the work referred to at the commencement of the present report. 
In this the results of the experiments are stated in tabular form 
and by diagrams. The reproductions herewith (figs. 3 to 6) 
illustrate several of the principal types of the curves. The abcissae 
are proportional to the logarithms &, of the gramme equivalents c 
(concentration) of the dissolved substance contained in one litre 
of the solution. The ordinates indicate the loss in weight v of the 
small iron plates, in grammes, observed after a period of twenty- 
two days. The curves may, for shortness, be called €v curves. 
Experiments were carried out with thirty-eight different electrolytic 
solutions. 

The course of the €v curves for each individual electrolyte 
is very generally similar. Highly dilute solutions have mostly 
a somewhat weaker effect than has distilled water’), and 
Thee ueveriteretore first falls; rising afterwards. At some 
Pardeulam concentration ¢, the curve showine the rate of 
attack on the metal reaches a maximum (fig. 4) and then 
on a further in¢rease in the concentration, the attack 
gradually decreases again. 

Concentration cy is styled the “critical concentration“ 
and the solution to which it applies is denominated “critical 
solution‘, 

Such peaks of maximum corrosion do not however occur 
in the case of the following solutions, with which there is a 
deviation from the above rule: chromic acid, potassium bichromate, 


1) Concentration c= 10-6 is arbitrarily given to distilled water, therefore 
abcissae § = —6, 


e Loss in weight. 


g Loss in weight. 


Loss in weight. 
Solubility of O according to Geffcken, 


"“*) 99GB ye uesAxo “wd ‘qn’ 


ge Loss in weight. 


Fig. 6. 


ou. GS 


e Loss in weight. 


Loss in weight. 
ee Speed constants for catalytic decomposition of H,O0, according to 
Spitalsky. 
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potassium chromate (fig. 6), sodium acetate, calcium hydroxide. 
It may however be possible that the peak is not really absent, 
but that it has not been observed, simply because it lies between 
the concentrations used in the experiment. 

Sodium nitrate solutions, on the other hand, show two such 
Ch peaks. 

No reduction in the corrosion as compared with a distilled 
water medium, could be found with critical solutions of ammonium 
acetate, ammonium nitrate and potassium iodate. 


Corrosion in critical solutions is in a great majority 
of cases greater than in distilled water: it is however 
occasionally less, as for example, with potassium chloride, 
potassium sulphate, sodium chloride, sodium bicarbonate, 
sodium sulphate, calcium bicarbonate, calcium chloride, 
barium. chloride. 

Table I shows the concentrations c¢ of the solutions with 
Which the corrosion is a minimum. These solutions are between 
distilled water and the critical solutions. It also shows the corre- 
sponding value v; of this minimum corrosion. The table also gives 
the critical concentration cy together with the currosions Vp corre- 
sponding to the peaks in the curves. 

The values of vy; and vp are stated in percentages, the action 
in distilled water being taken as 100. The different electrolytes 
are arranged in order of the values of vp and therefore the solutions 
at the end of the series have, at the critical concentrations, the 
highest corrosive effect upon iron. 

In the neighbourhood of their critical concentration, 
the solutions show very strong local action: the corrosion 
being distributed very irregularly over thé surfacewsom 
the iron. 

The pronounced irregular local corrosion lends special im- 
portance to the “critical solutions*. Corrosion of this kind renders 
the technical use of the iron particularly difficult because the metal 
is eaten through at places, neighbouring ones remaining uncorroded; 
hence the life of some of the parts which enter into constructional 
work cannot be depended upon. The effect upon iron of a liquid, 
the attack of which is fairly powerful, but regular over the whole 
surface of the iron may, in certain circumstances, have less dan- 
gerous results. 
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Table I. 


Electrolytes classified according to the activity of their 
critical solutions at temperature of the room. 


Concentration of solution 


| 2 
& | (between distilled water $¢ 
| . | Electroiyte 3 and the critical) having Re eel olen 
| -2 - least action 
i; @ ey 
he Pr Poseiie 04 ete 308 vn) | ch + 108 
| CrOg p) | 
K,Cr,07 2 absent absent io 
| KyCrO, 2 S 
NaCjH,0, 1 a 
1 | K,SO, 21 80 115 88 1170 | =| 
2 | Ca(HCO,), 2 83 55 90 275 ¢ S| 
j| 3] BaCl, 2 84 82 90°5 8200 | Si 
4. | NaSO, 2 88 6:18 93 618 | a2\} 
| 5 | CaCl, 2 92 2°3 96°5 230 | 2 
1} 6 | NaCl 1 95 0°17 96°5 ETL, 43 
|} 7 | NaHCO, 1 92 1°19 97 119 | 24 
| 8 | KCI 1 89 134 98 6700 | 2 
9 | Caso, 2} 91 29 9 98 2991) | = 
10 | As.0g l6| 96 1-95 101 19°5 
j} 11 | MgSO, 2 82 8-11 102 811 —4050 
12 | NH,C,H,0,?) 1 absent (104) (1°3) 
13 | Na.B,O, 2 93 0°524 104 5°24 
14 | K,FeCy, 4 93 00948 106 9°48 
15 | KMnO, 1 88 0°633 106 6°33 
i} 16 | KCIO, | 96 0'816 107 8°16 
17 | MnSO, 2 90 0:08 107 8:3 
18 | Na,HPO, 2 90 0°558 107 55°8 
L9 | K,FeCy, 3 95 | 00912 108 9:12 
20 | KIO, A. absent 108°5 . 0°47 
90 01176 109 11°76 
‘aa (hai 1) | 98 1176 107 5880 
22 | NaOH 1 87 2°d 110 25'0 
23 | KCy 1 99 1:535 113 15°35 
| 24 | MgCl, 2 86 9°85 114 9850 
25 | KBrO, 1 not very marked 118°5 599 
|| 26 | Na,CO, 2 87 1:89 133 189 
27 | K,CO, 2 90 1-449 134 144:9 
28 | (NH,),HPO, 2 99°5 071515 142 1:515 
29 | FeSO, 2 97 0072 217 7250 
30 | NH,Cl + 96 1:87 376 18700 
| 31 | (NH,).SO, 2 91 1:515 509 30300 
j| 82. | (NH,)NO, 1 absent 2390 62500 
1) Saturated solution. 


2) Very variable; in some circumstances attack very pronounced. 
3) Two ct and two ch present. 
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Local corrosion is very pronounced in (thew¢@ae sm 
the critical solutions of sodium and potassium carbonates 
and of sodium phosphate. Sodium bicarbonate does not 
however lead to local corrosion. 


Much publicity has been given in technical sane 
scientific literature to the statement that alkaline solus 
tions, such for instance as sodium carbonate and others; 
in any case afford effective protection against corrosion, 
but this view is erroneous. As will be seen from the above, 
the critical solutions of sodium and potassium carbonate not only 
do not afford protection but cause severe corrosion. Corrosion in 
these cases, as compared with its amount in distilled water, is 
approximately as 133 to 100. These two substances stand con- 
sequently very high in the series given in table I. Their attack is 
only exceeded by that of the ammonia salts. The protective 
effect of alkali carbonates only commences with higher 
concentrations (fig. 5). 


The view often expressed also in the same literature 
to the effect that the chlorides and sulphates of the alkali 
metals lead to higher corrosion than pure water, is also 
wrong. (See table I and fig. 3.) 


Ammonium salts at and near their critical solutions 
lead to very sharp attacks on iron. The most severe is 
the corrosion caused by ammonium nitrate. 


It may be stated as a general rule that in strengths 
bevond the critical concentration the corrosive power of 
the solutions upon iron diminishes (see figs. 3 to 5). In the 
case of solutions without critical concentrations, such a 
decrease sets in immediately with the addition of the 
dissolved substance to the distilled water (see fig. 6). 


In some solutions the diminution of the corrosion 
is on such a large scale that beyond a certain limitme 
concentration, the iron remains absolutely bright and its 
loss in weight is practically null. (see figs. 5 and 6). This 
concentration is styled the “limit concentration“ c, and 
the corresponding solution the “limit solution*. 
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Table II. 


Pimit concentration and order of solutions, the limit 
concentration of chromic acid being taken as 100. 


Limit San 
: eries numbers 
Electrolytes SCP SED HY CHS “© | co of solution Remarks 
(approximative) — 
S102 Co Of chromicacid 
TL tGrO. 0-02 ai 
2 | K,Cr 0, 0 04 2 
3 | K,CrO, 0:06 3 
4 1 KIO, 0°26 (13)*) 
5 | KBrO, 0°33 (16)*) 
6 | KMn0, 0:35 17 
: coo? ee rh *) Protection not very 
9 | Ca(OH), 1:09 55 complete, rust stains 
o Ps nie He being observed upon 
4 6 
12 | Ba(OH), 2°23 1115 the iron in the con- 
i cape ae ae centrated solutions. 
Nagb4V7 
15 | Na,HPO, 3°07 153 
16 | NaHCO, 6-54 327 
17 | K,CO, T9T 398 
18 | (NH,),HPO, 8 33 416 
19 | Na,CO, 10°39 520 
20 | KCIO, 42°65 (2132)*) 


The limit concentrations are given in Table II. The values 
are only to be taken provisionally, seeing that the successive steps 
of concentrations in the various experiments were larger than was 
essential for arriving at more exact values. In the most unfavorable 
cases. the error can amount to 90°/), since the real value lies 
between thn limits n and n 10, n befing a definite number. 

The table shows the following facts: 

Chromic acid and its salts are the most efficient 
protectors against the rusting of iron. Even the very slightest 
additions of these salts to distilled water suffice to bring about 
a protective effect (fig. 6). 

With chromic acid and potassium dichromate, the extent ot 
the surface of the iron has an influence on the value of the “limit 
concentration“; whilst with borax solutions an influence of the kind 
Was not noticeable in the conditions in which the experiment was 
carried out. 
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It would appear therefore that there exists a fundamental 
difference between the protection afforded by chromic acid and 
chromate, on the one side, and the effect of borax, representing 
the alkaline solutions, on the other. 


Table III. 


Attack in saturated solutions of electrolytes having an 
imaginary concentration limit. 


j 100—v, 
Arranged in order of the values of —— 


(Ratio of protective 


s 
effect to unit of concentration). 


Vs Cs 
Attack of satu- Approximate 100—vs 
Electrolytes rated solution concentration of sens a i as 
(the attack in dist. | saturated solution Cs 
water = 100) at temp. of room 

1 | NH,NO, 1820 14°44 

2 | (NH,),NO, 860 8 08 negative 

3 | FeSO, 162 2°82 

4 | NH,Cl 63 5°4 7 

5 | MnSO, 36 6°75 10 

6 | MgCl, 2 9°8 10 

7 | NaNO, 19°5 T4 11 

8 | KCl 50 40. 12 

9 | MgSO, 22 5-4 14 
10 | NaCl 19 54 15 
11 | Na,SO, 53 (2°5) 1) (19) 4) 
12 | BaCl, 39 3°06 20 
13 | K,SO, 76 1°16 21 
14 | CaSO, 98°5 0°0299 (50) 2) 
15 | KClO, O77 0:608 163 
16 | As,O, 34 0-195 348 3) 
17 | Ca(HCOs), 66°5 0°0055 6100 


1) Doubtful value. 
2) Doubtful, cs being still within the critical zone. 
3) Deposition of As on the iron, 


It is conceivable in the case of solutions showing no limit 
concentration, that this limit really lies beyond the saturation limit 
of water for the dissolved substance; in other words, that there 
is an imaginary limit concentration. With such solutions, the 
attack of iron can practically never be reduced to zero; it always 
remains at a certain lower limit v.. 


Rune 
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Such lower limits are given in Table III, also the approximate 
concentration of the saturated solutions at the temperatures of the 


room. Column 5 gives the calculated values Peat , namely 


Ss 
the protective effect of the solution dependent upon the unit of 


concentration. The various solutions are arranged in the table 
according to these values; the higher the latter are, the greater 
the protective effect of the corresponding electrolyte. Ammonium 
chloride in strong solutions has a relative protective effect, notwith- 
standing its energetic attack when the solution is critical. With 
ammonium nitrate, ammonium sulphate and iron sulphate, on the 
other hand, the attack of the critical solution is so energetic that 
the protective effect which occurs above critical concentration, 
cannot reduce the attack below that occurring in distilled water. 


Since, according to the experiments referred to in the foregoing 
paragraphs, the quantity of oxygen in the solutions exercises an 
important influence upon the rust formation, since also the capacity 
of the electrolyte for dissolving oxygen decreases with the increase 
in concentration; it is to be expected that with increased concen- 
tration the attack on iron should decrease. 


Fig. 3 shows, as well as the &v curve, also that for the 
solubility of oxygen according to Geffcken; it will be seen that 
they substantially correspond. 


It is probable that with solutions having no limit concen- 
tration the attack upon iron depends, in the first place, upon the 
quantity of dissolved oxygen, while, with solutions with such a 
limit concentration, other influences also play a part. 


E. Electrolytic potential differences between iron and various 
solutions. 


The potential differences measured between iron and theliquidsare 
referred to the Oswald normal electrode. The iron and liquid were 
maintained in the most complete state of immobility, seeing that motion 
of either exercises a great influence upon the potential difference 
to be measured. The E. M. F. was recorded both as to its variation 
with time, and with the concentration of the electrolyte. The curves 
in which time is the abcissae and the potential the ordinates are 


Ee ¢ Oe 
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called the z E curves. From the records of a whole series of such 
measurements the electrolytes can be divided into the following 
two groups: 

I. Group. Electrolytes without a limit concentration: 
For all concentrations they have negative values!) of E above 
~~ 0,2 volt. The zE curves rise from lower to higher negative 
values. 

Il. Group, Electrolytes having a limit concentration: 
a) In these with solutions below the limit concentration, the value 
of E is above — 0:2 volt. The z E curves rise as in group I, towards 
the negative side of the diagramm. b) From the limit concentration 
upwards, however, the z E curves have a reversed course; they 
sink down towards the positive side and remain below the limiting 
value of — 0-2 volt. Saturated solutions of hydrate of soda, 
potassium cyanide and potassium carbonate, only, form exceptions 
as they show the same course for the zE curves as is the case 
with solutions under groups I and Ila, strikingly large negative 
values being attained without rust formation. 

The limit concentration c, thus corresponds to a limit value 
E, for the potential difference, which value lies pretty close to 
— 0-2 volt. This number has been obtained purely empirically. In 
order to draw from the course of the zE curve of an electrolyte 
a conclusion as to whether the solution attacks iron or not, the 
following empirical rule can be followed: 

If E remains less than E, = — 0:2 volt in the solution 
experimented with, no corrosion will occur at all. If, on the other 
hand, E lies above — 0°2 towards the negative side, it cannot 
readily be decided whether corrosion occurs or not. In this case, 
there remains nothing further to be done but to follow directly the 
experiment described in paragraph D. This method, at all events, 
is the safest and is to be recommended in every case. 

The authors adhere to the electrolytic theory of corrosion 
according to which rust formation sets in as per the equation 


Res ad == he aati (1) 
This reaction can only take place in the direction shown when 
the potential value of the iron in the solution considered, oxygen 


1) The negative values of E are plotted above the zero line, the positive 
values below this zero line. 
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being completely excluded, is less than the potential value E, of the 
hydrogen in the same solution. The reaction represented by the above 
formula must, however, necessarily come to a standstill, as soon 
as the saturation limit of the liquid for Fe (OH,) is reached. 

This only applies when there is no access of oxygen to the 
solution. In the presence of sufficient oxygen, the Fe(OH,) will 
be oxidised to higher oxides, the solubility of which in the 
solution is smaller. These are separated out of the solution in 
solio form and in quantities corresponding to the difference in 
solubility. A further solution of Fe to Fe(OQH,) can then take place 
anew, the solution being no longer saturated with the latter. Upon 
the admission of oxygen, oxidation is effected afresh and it continues 
regularly so long as sufficient liquid and oxygen are present. 

As the process expressed by the formula 1, comes to a 
standstill with very low Fe concentrations (the authors conclude 
from their researches and calculations that the limit of concentration 
amounts to 10 —%5 Fe), the small amount of hydrogen set free 
is not perceptible. When there is admission of oxygen, the hydrogen 
is probably oxidised to water, seeing that in the corrosion experiment 
in which 0°315 grammes of iron were transformed into rust, the gases 
carried along with the air contained no hydrogen. 

On the basis of a whole series of measurements the authors 
come to the conclusion that by measuring the potential of iron 
in electrolytes which do not contain Fe ions, it is not the true 
potential of the metallic iron which is measured, but the potential 
difference of an oxygen electrode formed upon the iron. 

This throws light upon the varied and involved phenomena 
which influence the E. M. F. in so far as they apply to an electrolyte 
witbout a limit concentration. Conditions with electrolytes having 
a limit concentration require still further clearing up. For a more 
detailed review of the question, readers are referred to the original 
paper of the authors. 
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O A PLEA FOR INTERNATIONAL INVESTL og 
O GATION CONCERNING PROTECTIVE O 
COATINGS FOR IRON AND STEEL. 
By J. Cruickshank Smith, B. Sc., F. C. S., London. 


The protection of metallic structures is a subject of such 
great and obvious importance not only to Architects and Engineers 
but also to property owners that it is somewhat surprising that 
until a comparatively recent period there were few observed 
scientific facts and authenticated records available as guides in 
the selection and valuation of protective coatings. The subject, 
however, has recently been engaging the attention of technical 
men in various parts of the world, and as there are indications 
that some of the results arrived at may in course of time modify 
or even revolutionise existing opinions and methods, the time 
seems opportune to remind this Association of the position as it 
exists to-day, and to suggest a line of investigation. which appears 
likely to result in a considerable advance in our common fund 
of technical knowledge while it falls within the scope of the objects 
of the International Testing Association. If a statement of the case 
should prove instrumental in arousing interest in this important 
subject and should induce discussion which will culminate in action, 
my present purpose will have been attained. 

Let me remind you that the factors which, in the main, 
govern the efficiency of a protective coating for its specific purpose 
fall under one or other of four heads: 

1. The chemical composition of the paint. 

2. The physical and mechanical properties of the paint and 
of the protective film produced therefrom. 
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3. The conditions and influences existing in or produced by 
the surface to which the paint is applied. 

4. The conditions depending on exposure, climatic and atmo- 
spheric influences and the like; which we may term service 
exposure conditions. 

In order to clear the ground I propose to refer briefly to 
each of these topics separately, and to indicate what appears 
to be the present trend of scientific and technical opinion in 
respect of each. 


Le Composition of the Paint. 


Although opinions vary as to what is theoretically the best 
pigment, or more correctly combination of pigments, for the 
manufacture of protective coatings, the general consensus of technical 
Opinion seems to be gradually coming to be that, with certain 
more or less obvious reservations, the composition of the paint is 
less important than its physical state and that one pigment or 
blend of pigment is more efficient than another as the basis for 
a protective paint mainly according to the degree in which it tends 
to produce certain definite physical and mechanical effects in the 
ultimate protective film. The problem that remains is the selection 
of that blend of pigments, suspended in a suitably adjusted vehicle 
(the paint as a whole possessing the necessary physical proper- 
ties), which will under known conditions as to exposure and climatic 
conditions yield a satisfactory protective film. Only exposure tests 
can solve this problem. 


2. Physical and Mechanical Properties. 


It is now generally accepted that such factors as fine state 
of division and uniformity in size of the pigmentary particles, 
viscosity of the paint, elasticity and strength of the paint film, 
and impermeability of the paint film to moisture and gases are of 
paramount importance in determining whether or not a particular 
paint will satisfactorily effect the purpose of a protective coating. 
In this connection I would direct attention to the admirable 
scientific work recently accomplished and still being conducted by 
the scientific section of the Paint Manufacturers Association of the 
United States and also by the various committees of the American 
Society for Testing Materials. The official. publications of these 
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two bodies teem with technical matter which no-one who claims 
to be up-to-date in his knowledge of this subject can afford to 
be ignorant of. 


3. Nature of the Surface on which the Paint is applied. 


The most recent researches on the subject of the corrosion 
of iron and steel and in particular the development of the electro- 
lytic theory of corrosion, which has been greatly advanced by the 
work of Dr. A. S. Cushman and Dr. W. H. Walker and others, 
still further strengthen the view that, while the composition of a 
paint or pigment cannot be disregarded, the physics of paints and 
paint films is a subject of at least equal importance. Questions 
also arise as to what essentially should be the difference (if any) 
in composition and physical properties between coatings designed 
for wood and for metal respectively. Only exposure tests will 
yield reliable information on these points. 


4. Exposure under Service Conditions. 


We are here brought face to face with problems which are 
perhaps the most difficult to solve of any in connection with 
protective coatings, not only by reason of the fact that conclusions 
based on the results of exposure tests are only available after a 
comparatively long period of time, but also because so many 
factors enter into the question that we are at once plunged into 
the logical difficulties that arise from plurality of causes and 
mixture of effects. Nevertheless the American Societies to which 
I have referred have not shrunk from facing the problem, and the 
results. which they have obtained even in a comparative short 
period are such as to warrant the assumption that more extended 
experiments conducted in other parts of the world will yield ex- 
ceedingly valuable information. | 

I now come to the practical suggestion which I desire to 
submit to this Association. It is that in each country containing 
an affiliated branch of the Association (or in every branch 
specially interested in the subject under review), a committee be 
appointed in order to determine whether a series of carefully 
planned and scientifically conducted exposure tests under service 
conditions with various paints of known composition and properties 
can be carried out in order to arrive at a wider and mare accurate 
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knowledge of the specific conditions which induce the destruction 
through climatic and atmospheric causes of films of protective 
paint, and of the best means to be adopted in the compounding and 
application of protective paints to counteract such destructive influences. 

As this Association is no doubt aware a most elaborate series 
of exposure tests 1s now in progress at Atlantic City in the United 
States of America. Even already the results which have been 
published in connection with this series of experiments are valuable, 
and they may be utilised in framing further experiments of the 
nature I suggest. I would emphasize the fact that whatever the 
ultimate results of the Atlantic City experiments may be, they 
cannot do more than demonstrate the comparative merits of different 
paints under the exposure conditions that exist at Atlantic City. 
Now when we consider the enormous variations in such contribu- 
tory causes to destruction of protective coatings as humidity, 
extremes of heat and cold, direct sunshine, atmospheric impurities 
and the like that exist in different localities we are led to enquire 
1. what is the most efficient paint all round for withstanding these 
diverse destructive influences and 2. what variation in the paint 
is best calculated to enable it to withstand any one of these in- 
fluences acting as a dominating destructive influence. It is a well 
known fact that a paint or varnish or enamel may last well and 
be an efficient protective medium in a dry equable climate and 
yet may be readily destroyed when exposed to alternate spells of 
dry and wet or to rapid and great variations in temperature. | 
submit that such points as these can only be satisfactorily settled 
by designing and carrying out a series of exposure tests conducted 
with selected materials, whose composition and physical properties 
are known, in various parts of many countries and by collecting 
and tabulating the results obtained. 


It would appear that the personel and organisation necessary 
to conduct such an investigation is possessed in a preeminent 
degree by the International Testing Association, and if this Congress 
after discussing the proposition decides to leave it in the hands of 
the members of each country to make their own arrangements, 
subject to some general direction or recommendation by the Asso- 
ciation as to the modus operandi, there is little doubt that tangible 
results will accrue, and that the Association will accomplish a 
useful public and international service. 
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A practical outcome of my suggestion would be the appoint- 
ment in each country of a committee containing representatives of 
the Association and also persons representing large consumers, such 
as railway companies, constructional engineers, public bodies and 
Government departments who use protective paints largely. Paint 
Manufacturers should also be represented, and each committee should 
contain a chemist. and a paint expert who might act as director 
of tests. This committee would then, after careful consideration 
of the whole problem carry out a series of service exposure tests 
under observed conditions. Possibly in the first instance this series 
of tests might be discussed and the general principles to be adopted 
agreed upon by the various committees acting in conference. In 
order to make the experiments useful the materials employed as 
well as the surfaces on which these materials would be applied 
should be, as far as is practicable, identical in each country. 
With regard to the composition of the protective coatings the 
following list, which is given merely in the way of suggestion, 
includes typical materials whose properties in the way of protection 
might usefully be compared. 


1. Genuine white load in raw linseed oil. 

2. Genuine oxide of zinc in prepared drying oil. 

3. Mixture of genuine white lead, oxide of zinc and barium 
sulphate in prepared drying oil. 

4. Oxide of iron with or without admixture with native fer- 
ruginous earth (ochre) in prepared drying oil. 

do. Hydrated calcium sulphate tinted with oxide of iron and 
carbon in prepared drying oil. ; 

6. Red lead and carbon in a suitable drying medium. 

7. Prepared graphite in a suitable drying medium. 

8. Any special paint offered by manufacturers: the composition 
to be determined by the committee but not to be publicly disclosed 
except with the manufacturers’ consent. 

The surfaces on which these materials would be exposed 
might consist of wood, malleable iron and steel, each conforming 
rigidly in nature and size to an agreed specification. 

The conditions as to exposure, altitude and the prevailing 
climatic and atmospheric conditions during the period of the tests 
would have to be recorded periodically and accurately by some 
local observer. 
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The question of finance cannot be overlooked, and it is 
possible that the funds of the Association would not be sufficient 
for meeting the expense involved in carrying out the proposed 
investigation. In view, however, of the important public utility 
of the work it is extremely likely that grants would be obtained 
in various countries from scientific, industrial, or public bodies. With 
regard to Britain I feel sure that neither this feature nor the question 
of obtaining suitable representatives of various interests to serve 
on the committee would be a matter of insuperable difficulty. 

During the interval between the present Congress and the 
next Triennial Congress some important authenticated results would 
probably be in the hands of the various committees and these could 
then be submitted at the next Congress as an International report. 

Finally I wish to emphasise the fact that there is nothing in 
the whole of this proposition which has not already been attempted 
and partly carried out by the American Society for Testing Materials, 
and I venture to submit that it is only when engineers and other 
paint consumers in various parts of the world have made up their 
minds seriously to face the problems connected with the protection 
of structures for which they are responsible in some definite and 
exhaustive manner that the selection and application of protective 
coatings will be raised from its present position of being a mere 
haphazard matter of rule of thumb, and will be placed on a 
scientific and reliable basis. 
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“SLAG ENCLOSURES” IN STEEL. 
By Walter Rosenhain B. A., D. Sc., Teddington (England). 


The object of the present paper is to call attention to the 
importance of further and closer study of the influence which is 
exerted upon the strength and safety of steel by the presence 
within its mass of numerous enclosures of non-metallic bodies 
which may conveniently be grouped together under the term of 
“slag enclosures‘. These enclosures have been studied to some 
extent by a number of metallurgists, including H. Le Chatelier’), 
J. O. Arnold’), T. Andrews), J. E. Stead‘), Captain Howorth5), 
H. Fay®), E. F. Law’) and the present author8’), and some of 
these have drawn attention to the fact that failures in steel objects 
have repeatedly arisen from the presence of these enclosed im- 
purities. While some metallurgists appear to regard these en- 
closures as practically harmless, the present writer has repeatedly 


1) H. L. Chatelier: “Sulphide of Iron, its Properties and its Condition in 
Iron.“ Bulletin de la Société d’Encouragement, September 1902. 

2) Arnold & Waterhouse: “The Influence of Sulphur and Manganese on 
Steel*, Journ. Iron and Steel Institute, 1903, I. 

3) Andrews: Engineering, July 10, 1906, and numerous other papers, 

4) Stead J. E.: “Iron and Steel Magazine“, vol. IX, Nr. 2, p. 105, Feb. 1905. 

5) Howorth: “Greenish Coloured Markings in the Fractured Surfaces of 
Test Pieces‘, Journ Iron and Steel Institute, 1905, II. 

6) Fay: Amer. Soc, for Testing Materials, Proceedings, vol. HI, 1908. 

7) Law: “Non-Metallic Impurities in Steel“, Journ. Iron and Steel Inst., 
1907, Il. 

8) Rosenhain: “Deformation and Fracture in Iron and Steel‘, Journ. Iron 
and Steel Inst., 1906, II. 
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expressed the opinion as to their dangerous nature®) and recent 
experience of some definite cases of failure arising from the effects 
of slag enclosures lead him to bring the subject before the Inter- 
national Association. 

The detection of the presence of slag enclosures in steel is 
comparatively easy, the most direct method being an examination 
of a micro-section of the material. In the case of material which 
has been rolled or forged it is, however, almost essential that the 
section examined should be a “longitudinal“ one, i. e. cut along 
a-plane parallel to the direction of general extension, such as the 


Papgh: 
“Slag enclosures“ in a section of gun-steel, unetched. Magnification 
150 diameters. 


direction of rolling in a bar or a rail, since in transverse sections 
the inclosed impurities appear as very minute dark spots which 
may easily escape notice. 

The microscopic appearance of some typical forms of slag- 
enclosures are shown in Figs. 1 to 6 which are all taken from 
objects which have failed in service as a result of the presence 
of an excessive quantity of these enclosures. Figs. 1 and 2 re- 
present sections showing these inclosures in the steel of a large 


®) Institute of Automobile Ingineers, Feb. 18, 1907, “The Strength and 
Structure of Alloys,“ 
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gun’°) as they appear when the steel has been polished, but not 
etched. At least two types of enclosures are seen in these sections: 
one is the “dove grey“ sulphide of manganese as described by 
Arnold, Stead and others, but the other is not so readily identi- 
fied. It makes itself apparent in the form of numerous black 
patches, generally very minute, but very widely scattered. In many 
cases there is no doubt that these patches are simply holes from 
which the brittle material has been torn during the polishing 
process, but in other cases the dark substance itself is still present. 
This substance may be the silicate of manganese indicated by 


Fig, 2. 


Slag enclosures in gun-steel. Magnification 150 diameters. 
Specimen not etched, 


stead, but it is also possible that it may consist either of oxides 
or silicates of iron. It is interesting to note that in this particular 
case the enclosures are not segregated in the ferrite areas, but 
are fairly uniformly distributed through both ferrite and pearlite. 

Figs. 3 to 6 represent the appearance of the slag-enclosures 
in sections of a rail which failed in service; in this case they are 


10) The steel of this gun has already been fully described by the present 
author in a paper on “The Study of Breakages* at the Brit. Assoc, for the 
Advancement of Science, Dublin, 1908. Reprinted in “Engineering*, Sept. 4, 1908. 
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both very large and very numerous. Fig. 3 shows enclosures of 
sulphide of manganese with a large number of black patches and 
holes corresponding to a second type of enclosed impurity. 
Fig. 4 shows a very large enclosure consisting principally of 
sulphide of manganese, while Fig. 5 shows this same area after 
the specimen has been etched with picric acid, this latter view 
revealing the manner in which the slag enclosure is situated in the 
centre of a relatively wide band free from pearlite (Sometimes 
called a “ghost“). Fig. 6 shows another example of a slag enclosure 
in the same rail. Mechanical tests carried out on this material 


Fig, 3. 


Slag enclosures in the longitudinal section of the web of a rail which failed 
in use. Specimen un-etched. Magnification 150 diameters. 


showed it to be excessively weak in those directions which the 
presence and shape of the enclosures indicated as lines of weakness. 

The observation that the enclosures of sulphide of manga- 
nese are usually closely associated with the other slag-enclosures 
present, the two often appearing together in one lump or globule, 
places another means of examination at our disposal. The distri- 
bution of sulphide of manganese is readily ascertained by taking 
what is known as a “sulphur print‘. The most convenient method 
for this purpose is that suggested by Baumann, who applies a 
sheet of photographic bromide of silver paper to the steel after 
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Fig. 4. 


Large slag enclosures (principally sulphide of manganese) in a longitudinal section 
of a steel rail, specimen not etched, Magnification 150 diameters, 


Fig. 5. 


Same enclosure as in Fig, 4 after etching with picric acid. The true contours 

of the enclosure are revealed by the removal of the ferrite which had been 

“smeared* over it, Also shows the position of the enclosure in a carbonless 
band or ghost, 


knot (fees 
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moistening the paper with dilute sulphuric acid!) The print thus 
obtained varies in depth according to the distribution of the sul- 
phide in the steel, and sections for microscopic examination can 
then be cut from those parts of the section corresponding to the 
darkest part of the print. It is essential, however, to cut away the 
surface layer of metal which had been exposed to the acid, as 
otherwise the observer will only find the empty holes from which 
the sulphide has been dissolved. 

While the work of those cited at the beginning of this paper 
has already thrown much light on the nature of these enclosed 


Ph Bw 
,e Vf } 
oe SS od 
Fig. 6. 


Elongated and duplex slag enclosures in a steel rail, specimen etched with 
picric acid. Magnification 150 diameters, 


impurities, it appears that there is still room for doubt as to their 
true nature and origin. Thus the duplex appearance of some of 
the slag-enclosures in steel is currently accounted for on the view 
that these duplex masses consist of sulphide of manganese embedded 
in silicate of manganese, but the present author has observed 


11) Although the method here ascribed to Baumann is perhaps the most 
convenient, the author believes that one of the earliest workers to make contact 
sulphur prints was Heyn (Berlin) who utilised thin sheets of silk saturated with 
acidified mercuric chloride, and similar means of obtaining sulphur prints long 
before Baumann’s suggestion of using photographic paper was made, ° 


ee Rese 


I4 


instances of duplex enclosures in which neither constituent was 
readily soluble in acids. A comparison of these enclosures with 
the “slag“ or “cinder“ enclosures which are so typical of wrought 
iron also furnishes some interesting facts. In wrought iron, while 
practically no manganese is present, there is always a large amount 
of enclosed non-metallic matter, and this sometimes presents a very 
well-marked duplex structure. An example of this kind, taken from 
some Staffordshire iron, is shown in Fig. 7. In this case, although 
sulphide of iron may be present, it seems probable that the 
constituents are two different silicates — or possibly oxides — of 


Hig...7, 


Slag enclosure in Staffordshire wrought iron; the light constituent shows well- 
defined dendritic structure. There is no manganese present in this specimen, 
Magnification 200 diameters, 


iron. Further study of these impurities is obviously required, 
particularly as it will be seen on studying the papers cited above 
that our present knowledge of their nature depends principally 
upon chemical analyses of residues obtained after selective solution 
of the metal, and the uncertainty of results obtained in that way 
1s well known. 

Although a full knowledge of the nature of these bodies is 
essential as a preliminary to the investigation of their mode of 
origin, some considerations on that subject are justified by the 
knowledge already available. Thus Stead suggests that these 
enclosures in the case of steel result from the introduction of 
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oxygen into the steel either during the melting or the teeming 
process, this oxygen reacting with the manganese and silicon to 
form the manganese silicates, while the sulphur already in the 
steel combines with the manganese in the manner shown by 
Arnold and others. This is, of course, a possible and in many 
cases a perfectly probable source of these bodies; in fact, so far 
as the sulphide of manganese is concerned there is little need to 
look further. The only remedy for this class of enclosures is to 
keep the molten metal at rest for a sufficient time after the addi- 
tion of manganese to allow the sulphide to rise to the surface, 
and in spite of the very considerable difference of density, this 
probably requires a much longer time than would be at first sight 
anticipated. The entire protection of the steel from oxygen during 
the teeming operation is the obvious remedy for the formation of 
silicates on the view of Stead, although this remedy appears 
difficult to apply in practice. The writer would, however, point 
out that steel is also liable to contamination with impurities of a 
siliceous nature from other causes. One of these is the possibility 
of incomplete separation of slag from metal in the furnace or the 
converter; the violent “boiling“ of the steel must necessarily involve 
a good deal of intermixing of slag and metal and here again the 
time required for complete separation is probably longer than one 
might suppose, particularly where the smaller particles or globules 
of slag are concerned. Further, in the course of its passage from 
the furnace into the ingot-moulds the steel runs several risks of 
contamination with siliceous matter; the tapping-hole of the open- 
hearth furnace is one of these, as also the gutter along which the 
steel flows into the ladle and the ladle itself, with its stopper, all 
present possibilities of introducing non-metallic impurities into the 
metal, while — finally — where the process of casting in inverted 
ingot-moulds is used, the steel comes into contact with conduits 
of refractory material. From all these sources the molten steel 
will and does readily absorb any detachable particles and as the 
steel is in rapid motion, there is little time for the lighter particles 
to begin to separate themselves, until the metal is at rest in the 
ingot-mould, where it probably begins to solidify before the smaller 
particles have been able to free themselves. With these considera- 
tions in mind, the very great frequency with which non-metallic 
impurities are met with in ordinary steel can no longer be regarded 
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as surprising and it appears probable that if some of these risks 
of contamination were minimised the prevalence of slag enclosures 
would be considerably reduced. For this reason the further and 
exact study of their nature and mode of origin appears most 
desirable. | 


While some of the workers whose papers have been cited 
above are evidently alive to the serious results which may and 
do arise from the presence of these impurities in steel, some 
metallurgists appear to look upon these enclosures as more or 
less normal and harmless, much as they might regard cinder or 
slag in wrought iron. From this point of view it may be pointed 
out that there is a considerable and vital difference between the 
behaviour of “slag“ in wrought iron and in steel. In the former 
material (iron) the metal itself is extremely soft and ductile and 
much less sensitive to local mechanical injury than the stronger but 
in some ways more sensitive steel. Even in steel, it is true, the 
non-metallic impurities generally tend to segregate in regions or 
bands of ferrite, as in the case shown in Fig. 5 above, but where 
these impurities are embedded in the harder pearlite they are in 
contact with a material wich cannot readily adapt itself to an 
essentially incompatible neighbour. 


The deleterious influence of slag-enclosures in steel has 
perhaps escaped attention to some extent owing to the fact that 
in ordinary tensile tests, taken in a direction parallel to that of 
rolling, these enclosures only occupy a vety small proportion of 
cross-sectional area and possess a tapered shape which allows of 
gradual distribution of the stresses imposed on the material. Even 
in such tests, however, the writer has shown!*) that the slag- 
enclosures are broken up into numerous pieces prior to the frac- 
ture of the metal. If now we consider the case of transverse 
stresses, or of shock or vibration, it will be seen that these 
enclosures will be fractured as soon as the metal undergoes any 
material deformation and then each such enclosure practically 
represents an internal fissure which is ready to extend — and 
actually does extend — in any direction compatible with the 
applied stresses. 


12) See paper cited above, note 8, p. 1. 
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~The photo-micrographs in the earlier part of this paper have 
been taken — as has already been indicated — from two cases 
of actual service failure arising from the causes just indicated, 
‘and these’two cases are typical of a number of others which ests, in 
practice. The further study of the nature of these impurities ar 
of the means of avoiding their presence in steel is thus a matter 
of considerable importance to users of that material. : 


Errata: 


Foot note 1: H. Le Chatelier, not H. L. Chatelier. 

Foot note 9: Engineers, not Ingineers. ! 
epson of Fig. 1° 2). 4) 6: 

Magnification 100 Diameters, nots 150. 

Bigs 1 188 Diameters, not 200. 
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IMIPACT TENSILE TESTS. 


By MM, Pierre. Breuil, Paris: 
Translated from the French original by Arthur R, Liddell, Charlottenburg. 


Abstract !) 


In this work the author has endeavoured to show the relations 
which exist between the results obtained by static and dynamic 
tensile tests respectively. The attempt made to abolish tensile tests 
and replace them by impact tests on notched bars suggested to 
the author the desirability of ascertaining whether the tensile tests 
are really powerless to reveal brittleness in metals, as has been 
asserted. 

It has always seemed irrational to the author, that impact 
tests on notched bars should be compared with static tensile tests; 
the two kinds of test determine the presence of properties which 
are not of the same nature and which are not comparable with 
one another. It seemed indispensable to ascertain whether the 
effects of an impact are the same as those of a test slowly applied 
to one and the same metal, but for this it would be necessary 
to choose bars identically the same and to apply to them the same 
method of testing (tensile compression, bending, etc.). 

Mr. Hatt and Dr. Stanton have already shown by their 
experiments, that there is little difference between the results of 
Static and dynamic tensile tests respectively; M. Breuil, using 
bars without notches, like these authors, comes to the conclusion 


1) The original paper is published in the “Supplements to the Congress 
Papers*, 
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that the two kinds of test almost always give the same results, 
but that there are metals which do not follow this law, that is to- 
say, metals which may be good from the point of view of static 
strains and bad from that of dynamic ones. This conclusion is not 
new, but it may ‘be noted with interest, because it has been arrived ; 
at by means of the tensile test, which has been looked upon as ill 
adaptedto the giving of this information. 

M. Breuil’s experiments show that notched bars, tested under 
the same conditions as others without notch, have not shown 
this difference in the properties of the metal. 

In the opinion of the author it would be better to ascertain 
the brittleness of a metal by testing it in small bars by an impact 
tensile test; in this way it is possible, asin the case of the tensile slowly- 
applied test, to measure the elongation and contraction of the metal, and 
to compare these with the elongation and contraction in the slowly- 
applied test. It must, of course, be understood that the amount 
of work performed in these quick tensile tests should be measured 
and its amount brought into relation to the volume of the metal 
submitted to deformation. M. Breuil recommends little tensile-test 
bars with a sectional area of 50 mm? and a prismatic length of 
60 mm, provided with gripping ends of such section that the 
deformation is localized in the body of the sample. | 

Most steels do not require more than 80 kilogrammetres per 
cubic centimetre of metal for their rupture, and, in contra-distinction 
to what occurs with the notched bars subjected to the impact 
test, the complete rupture of the samples of metal by the 
application of the tensile strain is always a matter of 
certainty, so that more exact measurements can. be 
obtained. 

On the other hand, M. Breuil believes he can demonstrate 
that the differences found to exist between the amounts of work 
done in static and dynamic ruptures respectively are due to the 
heating of the points of fracture in the impact tests, 

For the results of the tests, reference may be made to 
the original report. 
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COMPARATIVE STATIC AND DYNAMIC 
NOTCHED-BAR BENDING TESTS. 
By A. Leon and P. Ludwik. 


From: Mitteilungen des mech,-techn, Laboratoriums der k. k. techn. Hochschule, 
Vienna, 1909. 


Translated from the German by Dr, H. Borns, London. 


The object of these experiments was the study of the relations 
between static and dynamic bending tests made with plane bars 


and with bars. notched in 

different ways. (see Fig. 1)... — 2 
The materials investigated are 

cast iron, ingot iron and mild 

steel. Bars of the shapes a, ee 
b, c, d, e were made of each 

of these materials. The bars 

a, b, c, d, e were subjected ee | 
to static tests, the bars a, 

d, e to dynamic tests. In order 

to render the tests comparable, ee ie 8 a 
the static and dynamic ben- 

ding tests were conducted at 

the same distance between ie fat oreo 
clamps and with the same 

rounding of the supporting and Hig) 1 
bearing piece knife edges. In 


the static tests the complete diagram was plotted, in the dynamic 
tests only the work done in fracture. 
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The following are the chief conclusions: 

1. In static tests the deflection (both the maximum deflection 
and the total deflection) is much more dependent upon the shape 
of the notch, than upon its depth. 

2, At equal depths the round notches permit of me larger 
deflections than the sharp-angled notches. 

3. With deeply notched bars fracture ensues more gradually 
than with shallow notches or plane bars. 

4. The influence of the kind of notch upon the work done 
in bending may be very different with static and with dynamic tests. 

5. The amounts of work done in static bending and in dynamic 
bending are not in any uniform relation, and there is not even 
approximate proportionality with the same materials or with the 
same kind of notches. 

Consequently there can be no uniform relation between static 
tensile test and notched bar impact test. 

6. The ratio of dynamic to static work done in bending 
ranged, according to material and kind of notch, between 0°6 
and 3°5. 

7. Different ways of conducting the bending tests (static or 
dynamic) and different kinds of notches lead to entirely different 
quality estimates. 


DO 99909 9O90600090 046540600669 06000600000F556 09050996000 50F00995009060690006504006000054 409004 


INTERNATIONAL ASSOCIATION FOR 
OO0O00 TESTING MATERIALS OOOOO 


9OS00O009000000O0 096006000600 000 00090090 00600005 05660059$0009990040008506550060500050605004 


O VZ# CONGRESS, COPENHAGEN 1909. o 


009500000000 000000000000000O900000000640046090609000600000009000500600050000500000000600C00 tC 


4 O9FOOOL OS 20692306060 S65 


FOOOOD OSS FOO OOOOOSOC OCOD? 


2 


III s 


O NOTE ON THE RUPTURE OF NORMAL O 
CYLINDRICAL TEST SAMPLES BY:-LONGL 
TUDINAL IMPACT, 


By Mr. P. Wélikhow, Moscow. 
Translated from the French by A. R. Liddell, Charlottenburg. 


For the determination of the degree of strength possessed 
by different materials of construction to resist impact or dynamic 
load (for the determination of their brittleness), quite a series of 
testing methods, in which metals are subjected to impact, have 
been made use of. 

-The experiments, whether in case of impact or of static tests, 
can here be made by the application of tensile or of compressive 
strains, or by the bending of the samples. Up till now, however, 
the impact tensile tests have not been very extensively resorted 
to, in spite of the fact that apparatus designed for their application 
by Professor Martens (Mitteilungen aus den ko6niglichen tech- 
nischen Versuchsanstalten zu Berlin 1891, Vol. IX, part 1) fully 
justifies their employment and gives very good results (see below). 

In recent years the entire attention of experimenters has been 
given to the compression, and espicially to the bending of the 
samples by impact. These two latter methods, however, have a 
great many essential defects, and the results of the experiments 
cannot altogether be compared with those of static tests. 

As final result of each impact test, the work done in the de- 
struction of the sample is determined and referred to the sectional 
unit. The determination of the work done at the impact com- 
pression test is a very troublesome process; for one portion of 
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it is absorbed be the useless resistances to fracture, and the 
plastic materials do not break asunder under the impact, but be- 
come flattened. The determination of the work is accordingly made 
only under certain circumstances. Moreover the impact compression 
test has, as a matter of fact, been almost entirely given up. 


Extensively as the impact bending test is applied, and care- 
fully as its nature and procedure are studied on account of the 
manner in which it comports with the design of the better types 
of testing machines, it possesses the same defects as these and 
some additional ones which from the theoretic point of view are 
still greater. . 

In the first place, the bending test is made by means of a 
load concentrated at the middle of the bar, which latter is of con- 
siderable height in proportion to its thickness; it is well known 
what complicated phenomena are produced. in the test-sample in 
similar cases, and how exact theory differs from the ordinary 
elementary theory of bending. 

Secondly, the work done in the rupture is referred to the 
unit of the cross section of the sample, in order to determine the 
value characterising the strength of the material to resist impact. 
For the work of bending bars of uniform section, however, we 
have a familiar, though somewhat complicated formula, which 
is not indeed quite applicable beyond the limit of elasticity, but 
which shows that the work of bending is proportional to the 
volume, and not to the. cross sectional area of the bar. Besides 
it must be recognised, that the test methods in actual use, although 
under certain conditions they yield some interesting results, give 
the qualitative and not the quantitative determination of the pro- 
perty under observation, and do not agree with other testing 
methods. 

Besides, the actual impact test enables a judgement to be 
formed only upon the brittleness of the material and does not 
provide means for determining its other properties. 

Without denying that the impact bending test gives very 
interesting results and deserves to be further studied, I may at 
the same time be allowed to recommend the study of the impact 
tensile test, which, as I conclude from my own tests, is able to 
give very true characteristics of the mechanical properties of the 
sample tested, and is found to be in direct agreement with the 
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fundamental tensile test. This test yields almost all the data 
obtained by the statical tensile test; but the cost of the impact 
apparatus (with falling weight) is considerably less than that of a 
50ton tensile-test machine such as that of Mohr & Federhaff. 

Theprocedure foNowed 
in our tests was the following: 
In the mechanical laboratory 
of the Imperial Engineers’ 
School of Moscow there was 
a drop-weight apparatus of 
the same type as that de- 
scribed in the Communi- 
cations from the Testing 
Station at Berlin (see Figs. 1 
and 2). This drop-hammer 
was installed with the greatest 
care in 1899, and since that 
time its normal position has 
been constantly checked; it 
is continually at work, being 
used for the study of dynamic 
load and of the oscillations 
of the elastic bodies subjected 
to impact (See my works 
onthis subject in the “Annales 
de l’Ecole Impériale des In- 
génieurs, Moscou. Unofficial 
part, Iv. I, 1908). 


For the rupture of the 
impact-test samples the fol- 
lowing preparations were 
made: Fao, 1. 

On the establishment of the apparatus, we at first placed no 
Sample in it, but, after raising the frame which holds the lower 
part of the sample and directly takes the impact to a sufficient 
height, we only placed under the frame a triple spring of the 
Standard pattern used on wagons, which had previously been 
carefully graduated under a press. The graduation of the spring 
was effected in the manner, that it was placed under the press of 
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the hydraulic testing machine and submitted to a steady load, its 
contraction under different loads being at the same time deter- 
mined by means of a diagram. It is evident that the area of the 
diagram calculated up to any given contraction gives the work 
required by the formula T= 1/,P.f for the compression. of the 
spring. 

In this manner diagrams were made of the work absorbed 
by the spring up to different contractions. Then the monkey was 
allowed to fall on the triple spring from different heights 1m, 
2m and 3m. Theoretically the amounts of work accumulated 
in the monkey with its weight of 56 kgs. ought to be 56 kgs. per. 
1 m, 112 kgs. per 1 m, and 168 kgs. per 1 m respectively. 

In effect the least contraction of the spring observed after 
these falls was: 
for 1m = 88mm, whichcorresponds with 81kg per meter of workdone, 
Meir ays aad . ‘ 5 G4 Gey 5 One i 
es OO z 10474 Sy jpn: aN y 


Consequently the work accumulated by the monkey and 
absorbed by the spring is considerably less than that due to the 
height of fall. The reasons for this are the following: 

1. in falling, the monkey rubs against the guides, and this 
accounts for the loss of a portion of the work; 

2. some part of the work is absorbed by the ddhor talon of 
the monkey itself and by that of the frame. 

In each of the cases, however great the losses may be, they 
can be calculated exactly by our testing methods; for the spring 
undoubtedly takes up the quantity of work represented hs: its 
contraction. | 
| It may be noted, that the amount of the contraction of the 
spring was determined for each height of drop by numerous 
experiments, which gave concordant results and that the deter- 
mination of the amount of the contraction itself is very easily and 
exactly effected by means of a simple appliance: consisting of a 
row of vertical indicators of different heights . passed’ loosely 
through openings in a wooden board. The load caused a lowering 
of the indicators, which in the case of some of them was considerable, 
and which thus showed the corresponding contractions of the 
spring. The indicators not lowered by the load in its fall remained 
at the same level.and thus enabled the amount of the compression 
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to be checked. The indicators were not lowered by the monkey 
itself, but by the frame (see Fig. 2), which haas no acceleration. 
The indicators cannot therefore receive acceleration and they thus 
exactly indicate the amount of the compression. This method 
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Fig. 2. 


gives exceedingly correct results and was used in the tests. given 
below. be 7 : | 

After the above-described graduation of the monkey we 
proceded to the tests themselves, that is’ to say we placed the 
tensile-test samples in the apparatus. . 


i 
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The longitudinal dimension of the samples was that in use 
as the standard for cylindrical tensile-tests, but, on account of the 
largeness of the amount of work required to produce rupture, we 
have reduced the diameter at the smallest point. For a length of 
110 m we reduce the diameter of the sample to about 10 mm, and 
for the calculation of the elongation we make use of the length 
of 100 mm. In this way, the samples have three diameters — that 
at the head about 25 mm, that at the ends of the part tested 
15 mm, and that in the middle 10 mm. The length of the sample 
between the heads was about 240 mm. The sample was placed 
in the apparatus, and the spring was arranged below as described 
in the foregoing. In place of the triple spring we have adopted 
a single one, this being more delicate for the measurement of the 
strain. Finally the monkey was raised to a height of 8m and 
allowed to fall. As a result of the fall the sample broke and the 
frame together with the monkey continued its movement, bearing 
on the spring and compressing it to a greater or less degree 
always in proportion to the kinetic energy remaining in the monkey 
after the rupture of the sample. It is evident that the work of the 
monkey absorbed by the triple spring at the first test (made 
without the sample), less the work absorbed by the single spring 
-at the second test (made with the sample) is equal to the work 
done in the rupture. 

All the other conditions are practically identical in the two 
cases; the friction against the guides is exactly the same, for the 
monkey runs, so to speak, through the same part of these; the 
losses of work in the deformation of the monkey and of the frame 
are equal in amount, and there is in fact only one new obstacle 
to the motion of the monkey, viz the test sample, and it alone 
diminishes the work absorbed by the spring. | 

The small spring is graduated like the large one, and its 
compression is indicated in the same manner as that of the latter. 

It is possible at the same time to determine the elongation 
of the sample and percentage of contraction of the section. The 
test accordingly gives three values, viz: 


1. the work done in rupture (the kinetic energy), 
2. the elongation of the sample, 
3. the contraction of the section. 


sie eke 


oe 


IIIs 


We shall now give the results of the tests in figures. For 
the investigations we were supplied with three kinds of cast steel 
of different degrees of hardness, and a series of samples were 
prepared, some of which were subjected to the tensile test in the 
ordinary machine of Mohr and Federhaff. In this case samples 
were tested by the machine in order to serve as objects of com- 
parison with others of the same dimensions which were ruptured 
by the impact, that is to say, the samples had a length of 110 mm 
and a diameter of 10 mm at the smallest point. At the same time 
diagrams were obtained in order to determine their coefficients. 


The static tests have given the following results: (we cite 
the mean results of three tests of each sort.) 


_ Soft Hard Extra Hard | 

Cast-Steel | Cast-Steel | Cast-Steel | 

a Se ns SUamnemnmnneey 
DRI OPO te Ero, kes. 3050 5240 6630 
cate ite { kgs, 2150 3050 3940 
Siirrmsttealanit trois fe; chheostinves 3 1% 70 60 60 
Ultimate tensile strength . . kgs. per sq, mm 39 67 88 
Peicmete mary: iki. Se Lt 31 30 8 
UH) LSND eR ial Dai Beers en oe pa aaa i 63 43 23 
DieeraerecOemniClent 2. Esk LIP 90 90 90 
eC Se 101 107 104 
eee ee ee me 1209 1340 704 


It will be convenient to note, that under “the diagram 
coefficient“ is to be understood the value showing what proportion 
of the rectangle enclosing the diagram of rupture the exact surface 
of the latter takes up, which is then a measure of the work re- 
quired to break the sample. The work is evidently equal to the 
product of the breaking strain multiplied by the total elongation 
between the heads of the sample and by the said coefficient. If 
the work be designated by T, the breaking strain by P, the whole 
elongation of the sample between its heads by Al, and the coef- 
ficient by a, we find: 


(ied agi 
whence we can determine P, since T, a, and Al are known, so that 
ah 
Seah 
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Let us now pass on to the results of the impact tests. (As 
many as 10 samples of each sort had been tested.) 


_ Soft Hard Extra Hard 
Cast-Steel | Cast-Steel |. Cast-Steel 


Height -of:fall of-the monkey. . ..... ..m 
Total work accumulated in the monkey 
kgs, per m 
Compression of the small spring after 
the rupture . ee mm 
Corresponding work (acccording to the 
spring graduation readings) . kgs. per m 
Work required to cause rupture, kgs. per m 
Elongation .. 
Contraction . Se eee 
Total elongation between the heads. . mi 20°5 L734 
Breaking load according to the formula: : 
AG 


Ad . kgs. 4720 6930 


All these results are grouped together in the following tables: 


1 Static Dynamic 

: Tests | Tests 
| | 

SoftuStéel: Breaking load wie ase ahve sath 3050 3040 
blOngRON os Gee ae ete 31°/) 8320/5 
Contraction )A0ir , ¢2°an Ok ease 63°/, 69/5 
iatdySteel:-Breaking joad. ailia’. SAL haeeeis 5240 4750 
Plongation tak S4.° hie et eee ee 20°/) 20°/) 
Contraction ©). sii: le. 12 Poa 43°/, 489/\, 
Extra Hard Steel: Breaking ead ee Ey eS 6630 6930 
Bronce ton |). tu. on Me ata 8/% 11°/, 
Gontraction “i? Jos AST 3 23°/ 249/) 


In the examination of these tables it must be kept in view 
that the. tests are not yet quite finished, and that the completed 
work will no doubt show results that are in better agreement 
with each other. 

On the ground of these test results and in view of the 
considerations referred to above, I may be allowed to draw the 
following conclusions: 5 Bogs 
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1. The impact bending test on notched bars is undoubtedly 
of great interest; it forms a good criterion of the brittleness of the 
material, and its application ought to be widely extended; but 
since it is not directly in harmony with the fundamental standard 
tensile tests, it only gives the kinetic strength of the material, and 
does not enable the numerical results obtained to be compared 
with those of the static tensile test. 


2. The impact tensile test on standard samples is easily made 
by means of the Martens drop-weight machine; having by its aid 
determined the amount of work accumulated in the falling load 
before the rupture of the sample, by means of the carefully gra- 
duated springs, we can obtain the work of rupture exactly. At the 
same time we determine the elongations of the test sample (complete 
and relative for the length of 100mm), and the contraction of Section III. 

3. The results obtained by the impact tensile test give numerical 
values which agree with the results of the static test; the elongations 
and contractions are the same, and so also is the breaking strain. 
This latter may be determined from the work of rupture and from 
the total deformation of the sample, the coefficient of the rupture 
diagrams being taken as 90°/). 

4. In conformity with the foregoing, the impact tensile test not 
only supplements the static tensile test in giving the value of the 
kinetic strength of the material, but in certain cases can replace 
it in giving all the principal characteristic values of the properties 
of the material except that of the elastic limit, which can be deter- 
mined as a fixed part of the breaking load. 

The use of the impact tensile test may be recommended for 
the further reason that the cost of the apparatus with its accessories 
is less than that of the tensile-test machine, and all the imper- 
fections of the installations of the drop-test machine are of a 
harmless kind, since allowance can be made for them by the aid 
of the springs mentioned above. 

5. The considerations set forth above allow us to give ex- 
pression to the wish, that the impact tensile test may come into 
use in the mechanical laboratories side by side with the impact 
bending test, and that the experiences of the laboratories may 
enable a definite judgement to be formed as to the utility of this 
testing method, which has been studied by Prof. Martens also, but 
Which up till now has not been taken up to the extent that it deserves. 
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VIll2 
ON THE UNIFORM NOMENCLATURE OF 


IRON AND STEEL. 


Report of Committee 24. Presented by Prof. Henry M. Howe, 
Chairman, New York, and Prof. Albert Sauveur, Secretary, 
Cambridge, Mass. 


The Committee appointed for the solution of the above 
problem consisted of the following members: 

Chairman: Howe H. M., Metallurgist, Professor Metallurgy, 
Columbia University, New-York. 

Vice-Chairman: Lévy L., Ingénieur en chef de Mines, Directeur 
de la Cie. des Forges de Chatillon, Commentry et Neuves- 
Maisons, Paris. 

Tschernoff D., Professeur, Conseiller d’Etat actuel, Saint 
Pétersbourg. 

Secretary: Sauveur A/b., Professor Harvard University, Cam- 
bridge, Mass. 

Members: 
Van Drunen James, Ingénieur, Professeur a l'Université de 
Bruxelles. | 

JOURS is Gls at ied Oberstleutnant, Kopenhagen. 

Wedding H., Dr., Geheimrat, Professor, Berlin (+). 

Brauns H., Kommerzienrat, Dortmund. 

Martin Ed. G., The Hill, Abergavenny, South Wales. 

Harbord F. W., F.J.C., Assoc. R. S. M., Consulting Metallurgist 
and Analytical Chemist, London. 

Stead J. E., F. R. S., Laboratory and Assay Office, Middles- 
borough. 
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Le Chatelier H., Inspecteur général des Mines, Membre de 
Institut, Paris. 

Pourcel A., Ing. civil des Mines, Paris. 

Koning K. F., Oberingenieur im Marineministerium, Haag. 

Vero/e Pietro, Ing. en chef des Chemins de l’Etat, Rome. 

Baalsrud A., Abteilungsingenieur d. konigl. norweg. Wegebau- 
Directorats, Christiania. 

Dormus A. R. v., Inspector der k. k. Nordbahn, Wien, 

Sailler A., Oberingenieur a. D., Wien. 

Bureau des forges, St. Pétersbourg. 

Belelubsky N., Dr., Professeur ém., Directeur du Labor. méc. 
a l'Institut Impér. des voies de comm., St. Pétersbourg. 

Jossa N,, Directeur du dép. des mines, Ministere des domaines, 
St. Pétersbourg. 

korobkoff M., Général-major du Génie militaire, St. Péetersbourg. 

Smirnoff S., Directeur de l’usine de Pontiloff, St. Pétersbourg. 

Campbell H. H., Metallurgical Engineer The Poy ae 
Steel Company, Philadelphia, Pa. 

Campbell W., Adjunct Professer of Metallography, Columbia 
University, New York, N. Y. 


The first report of this committee was presented at the 
~ Congress held in Brussels in September 1906. It consisted of four 
parts: 1. A polyglot giving the names of the chiefs classes of iron 
and steel in English, French, German, Swedish. and Danish; 
2. English definitions of the principal classes of iron and steel; 
3. a glossary of special sizes and shapes of iron and steel and 
4. a note on the boundary between steel and cast iron. 

The report was accepted by the Congress and your Committee 
was instructed to continue their work. It was also suggested that 
Italian and Spanish equivalents be included in the polyglot and 
that opinions be secured as to.the work of the Committee from 
the following societies: 

Association des Ingénieurs sortis de l’Ecole des Mines de Liege. 

The Iron and Steel Institute. 

Le Comité des Forges de France. 

The American Institute of Mining Engineers. 

Verein Deutscher Huttenleute. 

Jern Kontoret. 

Editors of the Technolexicon. 
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Your committee has complied as far as possible with these 
instructions in the drawing of the present report, which will be 
found divided into the following parts: 

1. A polyglot giving the names in English, French, Italian, 
Spanish, German, Swedish, Danish and Dutch of the chief classes 
of iron and steel. 

2. English definitions of the principal classes of iron and 
steel and of the microscopical constituents of these metals. 

3. A glossary of special sizes and Shapes of Iron and Steel. 

4. Opinions of Societies. 


I. Polyglot, in English, French, Italian, Spanish, German, Swedish 
Danish and Dutch, of the chief classes of iron and steel. 


3 


This list is not intended to be complete, but rather to include 
only those varieties which are of interest to the Association. 

The Italian equivalents added to the present polyglot were 
furnished to the Iron and Steel Institute’) by Mr. F.B. Rognetta 
(Rome), by Dr. V. Sevieri (Piombino), by the Societa Siderurgica 
di Savona, and by Mr. Peter A. Jackson (Stabilimento Armstrong, 
Pozzuoli). The Spanish equivalents were kindly furnished by 
Colonel Cubillo (Trubia). 

Many additions have been made to the lists of German, 
Swedish, Danish and Dutch equivalents. These were made at the 
request of the Iron and Steel Institute?) by the editor of ,Stahl und 
Eisen“, by Professor J. H. Hannover (Copenhagen), by “J)*L: 
Terneden (Berlin), by Mr. Paul Zetzsche (Libau) and by 
Professor Wedding. A few names have also been corrected. 
Your committee believes this polyglot now to be sufficiently 
complete and to contain but few orthographic or other errors. 


II. Definitions. 


Alloy Cast Irons, those which owe their properties chiefly 
to the presence of an element (or elements) other than carbon. 

Alloy Steels, those which owe their properties chiefly to 
the presence of an element (or elements) other than carbon. 

Basic Pig Iron. In America, pig iron containing so little 
silicon and sulphur that it is suited for easy conversion into steel 


1) Journal Iron and Steel Institute. September 1907. 
2) Loe. ‘cit, 
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by the basic open-hearth process. It is restricted to pig iron con- 
taining not more than 1:00 per cent of silicon. 

In England and on the Continent, pig iron containing so 
little silicon and sulphur that it can be converted into steel easily 
by the basic Bessemer or basic open-hearth process. It generally 
contains 1°00 per cent. or more of manganese and 1°50 to 3:00 
per cent of phosphorus, silicon averaging not more than 1:00 
per cent and sulphur 0:10 per cent. Other varietes treated by the 
basic Bessemer or basic open hearth process are not regarded as 
basic pig, but simply as phosphoric pig.) 

Bessemer Pig Iron, that which contains so little phosphorus 
and sulphur that it can be used by itself for conversion into steel 
by the original or acid Bessemer process. In America this term 
is restricted to pig iron containing not more than 0:10 per cent 
of phosphorus, 

In England this term is restricted to pig iron containing not 
more than 0°06 per cent of phosphorus or sulphur.?) 

Blown metal, the red short metal made by purifying pig iron 
in the Bessemer converter without subsequently removing the 
oxygen which it absorbs during that purification. 

Bessemer Steel, steel made by the Bessemer. process, 
whether its carbon content is high, low or intermediate. 

Blister Steel, steel made by carburizing wrought iron by 
heating it in contact with carbonaceous matter. It might also be 
made by so carburizing a low-carbon steel. Much of the blister steel 
of commerce is made by cementing Swedish wrought iron in charcoal. 

Certain comments, e. g. that on the definition of “Blister 
Steel“, that it would facilitate fraud, are based on error as to the 
true function of definition, to express briefly the meaning of a 
word, and to set up the limits which separate the thing described 


1) This paragraph was inserted at the suggestion of Mr. C. H. Ridsdale. 
That this is the accepted meaning. of basic pig iron in England is also stated 
by Mr, J. E. Stead. Professor H. Wedding likewise wrote: 

Basic pig iron in America is quite different from that in Germany. In 
Germany basic pig iron and Thomas pig iron (Thomasroheisen) have the same 
signification. In America the therm is restricted to pig iron containing not more 
than 1 per cent of silicon, without regard to the percentage of phosphorus, but 
the German (Thomasroheisen) must contain more than 11/, per cent of phosphorus, 
and in reality contains less than 0°5 per cent of silicon. 

*) This paragraph has been inserted at the suggestion of Mr, C. H. 
Ridsdale. | 
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from those with which it is likely to be confused. That protection 
against fraud is not to be demanded of definitions is seen clearly 
on considering the definition in common use. Would it be Wise, 
even if it vere possible, that the definition of “Horse“ «should 
exclude undesirable horses, e. g. the blind, lame, vicious and 
diseased? Are they not horses, bad ones, but still horses? 


In fact no one of our definitions should or would offer the 
least obstacle to fraud. It would not be proper to define blister 
steel in such a way as to exclude that made from puddled iron 
or from phosphoric or sulphurous iron whether puddled or made 
in the charcoal hearth. But even if one should go to that length, 
or the still more absurd length of defining blister steel as “Swedish 
bar iron subjected to the process of cementation in charcoal” and 
thereby excluding all French, German and American blister steel, 
that would not prevent fraud. The unscrupulous could make Swedish 
bar iron rich in phosphorus or sulphur; or convert Swedish muck 
bar; or offer improperly or insufficiently cemented steel; or scraps 
and crop ends of such steel. The proper protection against fraud 
lies either in buying from those whose character is in itself a 
guarantee, or else in relying on specifications incorporated in the 
contract of purchase. 

But though the proposition to restrict the meaning of 
“Blister steel’ so as to exclude all but that made from Swedish 
bar iron, or otherwise to exclude any steel which has the carbon- 
content of blister steel and is made by cementing any wrought 
iron, pure Or impure, in any carburizing material, solid, liquid, or 
gaseous seems to us hardly open to discussion, yet the further 
question whether the presence of blisters is essential to blister 
steel is one on which opinions may reasonably differ. To us it 
seems that, just as “cast iron” properly includes all very highly 
carburized iron, e.g. that made by cementing wrought iron until it 
contains 4°/) of carbon, in spite of the fact that such material 
may never have been cast, so Bessemer steel which has been 
carburized by the cementation process ought to be called “blister 
steel” in spite of its freedom from blisters. In other words, in our 
Opinion the essential quality of cast iron is its composition and 
not its being cast, and the essential quality of blister steel is its 
composition caused by cementation and not its blisters. On 
this point the opinion of members is requested. 
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We add to our definition the assertion that much of the 
blister steel of commerce is made by cementing Swedish wrought 
iron in charcoal. 

Cast Iron. Generally, iron containing so much carbon or 
its equivalent that it is not usefully malleable at any temperature. 
Specifically, cast iron in the form of casting other than pigs, or 
remelted cast iron suitable for casting into such castings, as dis- 
tinguished from pig iron, 2. e. cast iron in pigs, etc. (See Pig Iron.) 
For instance, cast iron pigs, 2. e. pig iron, like lead in pigs, 2. e. 
pig lead, is remelted and cast into castings, such as columns, 
locks, gears, etc., of special shape suited to their special purpose; 
these are specifically called .,,cast. iron’, and this ismine seus 
restricted meaning of “cast iron” in trade language. 

The Committee recommends drawing the line between cast 
iron and steel at 2°20 per cent carbon for the reason that this 
appears from the results of Carpenter and Keeling to be the 
critical percentage of carbon corresponding to the point “a” in 
the diagrams of Roberts-Austen and Roozeboom. As to the 
signification of this critical point the Committee is not prepared 
to express an opinion?). 

Cast. Steel, in the iron trade means *Crucibi¢=esiceums 
Obsolescent and undesirable because it might easily be understood 
to include other steels which have been cast’). 

Cemented Steel, the same as blister steel. 

Charcoal Hearth Cast Iron, cast iron which has had its 
silicon and usually its phosphorus removed in the charcoal hearth, 
but still contains so much carbon as to be distinctly cast iron. 


1) Professor Wedding reports that in Germany every metallic product ot 
the blast furnace is called pig iron or cast iron, and appears to dissent from 
drawing any line between cast iron and steel. Mr, Brinell thinks that 2,20 per 
cent of carbon is a rather high limit for practical purposes. 

Mr. J. E. Stead thinks it “inadvisable to place the dividing line at such 
a low percentage as 2,2 per cent”. 

”) This modification of the definition of cast steel as it appeared in our 
first report is based on one suggested by Mr. C, H. Ridsdale, who further argues 
that the meaning of the term should be so restricted as to apply only to “steel 
cast into shape as contra-distinct to rolled or forged, etc.’’. While this would 
be a desirable restriction it would be contrary to the generally accepted meaning 
of the terms and the obvious duty of this Committee is evidently to record and 
describe as faitfully as possible the current significations attached to the various 
terms rather than to attempt an arbitrary improvement of the nomenclature. 
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Converted Steel, the same as blister steel. 

Crucible Steel, steel made by the crucible process, whether 
its carbon content is high, low or intermediate. 

Gray Pig Iron and Gray Cast Iron, pig iron and cast iron 
in the fracture of which the iron itself is nearly or quite concealed 
by graphite, so that the fracture has the gray colour of graphite. 


Hematite Pig Iron, originally pig iron made from the hema- 
tite ores of England, which happen to be so free from phosphorus 
and sulphur that the pig iron made from them can be used by 
itself for the acid Bessemer process. By association it has come 
to mean any pig iron thus relatively free from phosphorus and 
sulphur. The term is not used in America, and is undesirable. 


Hot Metal or Direct Metal, the molten cast iron from 
the blast furnace before it has been allowed to solidify. The term 
is generally applied to molten metal taken direct from the blast 
furnaces to the steel-making plant. 

Ingot Iron, steel cast into an initially malleable mass and 
containing so little carbon or its equivalent that it does not harden 
greatly when cooled suddenly and completely from a red heat. 
The word is rarely used in English, but “mild steel“ or “low 
carbon steel“ or “soft steel“ is generally used in its place. In 
America the line between soft steel and half-hard steel is usually 
drawn at a carbon content of about 0,20 per cent. +) 

Ingot steel, steel cast into an initially malleable mass and 
containing so much carbon or its equivalent that it hardens greatly 
on sudden cooling. The word is rarely used in English, but “hard 
steel’, “high-carbon steel” or “half-hard steel’ are used in its place. 


MalleableCastings, castings of malleable cast iron, which see. 


Malleable Cast Iron, iron which when first made is cast 
in the condition of cast iron, and is made malleable by subsequent 
treatment without fusion. 

Although the English name of this variety suggests that it 
is cast iron, it is not truly a variety of cast iron, but rather forms 
an independent species of iron, because it lacks the essential pro- 
perty of cast iron, vz. its extreme brittleness. Though the 
term “malleable castings’? is very common, the term “malleable 


1) Mr. C. H. Ridsdale advices adding after the last word: “in Great-Britain 
at a carbon content of from 0°10 per cent to 0°15 per cent,“ 
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cast iron” is very rarely used. The common, but inexcusable 
term we regret to say is “malleable,“ pronounced “mallable’’, 
used as a substantive. Those with some respect for their mother 
tongue, if asked of what material a malleable casting was com- 
posed, would generally use a circumlocution. 


Malleable Iron, the same as wrought iron. Used in Great- 
Britain, but not in the United States, except carelessly as meaning 
“malleable cast iron“ (vulgar “malleable’’). 


Malleable Pig Iron, an American trade name for the pig 
iron suitable for converting into malleable castings through the 
process of melting, treating when molten, casting in a brittle 
state, and: then making malleable without remelting. The term 
should be used with care to avoid confusion. This material is 
also called in trade in America “malleable iron” but this use 
should be avoided, because “malleable iron’ has the older and 
(in Great-Britain) firmly established meaning of “wrought iron‘. 

Mottled Pig Iron and Mottled Cast Iron, pig iron and 
cast iron the structure of which is mottled, with white parts in 
which no graphite is seen, and grey parts in which graphite 
is seen. 

Open Hearth Steel, steel made by the open hearth process, 
whether its carbon content is high, low or intermediate. 


Pig Iron, cast iron which has been cast into pigs direct 
from the blast furnace. This name is also applied loosely to molten 
cast iron which is about to be so cast into pigs or is in a con- 
dition in which it could readily be cast into pigs. 

Plate Iron, a name sometimes applied in Great-Britain to 
refined cast iron. 

Puddled Iron, wrought iron made by the puddling process. 


Puddled Steel, steel made by the puddling process, and 
necessarily slag-bearing. (See Weld Steel.) It differs from wrought 
iron only in being richer in carbon. It differs from most other 
steels in containing much cinder. 

Refined Cast Iron, cast iron which has had most of its 
silicon removed in the refinery furnace, but still contains so much 
carbon as to be distinctly cast iron. 

Shear Steel, steel, usually in the form of bars, made from 
blister steel by shearing it into short lengths, piling and welding 


VIII2 


these by rolling or hammering them at a welding heat. If this 
process of shearing, piling, etc., is repeated, the product is called 
“double shear steel’. 

Steel, iron which is usefully malleable at least in some one 
range of temperature, and in addition is either (a) cast into an 
initially malleable mass; or (b) is capable of hardening greatly by 
sudden cooling: or (c) is both so cast and so capable of hardening. 
Variety A includes also molten iron which if cast would be 
malleable, as do its two sub-varieties, “ingot-iron* and “ingot 
steel*. (Tungsten steel is malleable only when red-hot.)?) 

Steel Cast, (adjective, consisting of solid Bessemer, open 
hearth, crucible or other slaglees steel, and neither forged nor 
rolled: applied to steel castings. For instance, a “steel cast“ gun 
is a gun which is a Steel casting, 2. e., which has been neither 
forged nor rolled. To call it a “cast steel* gun would imply that 
it was made of crucible steel, to which the term “cast steel“ is 
restricted. 


Steel Castings, unforged and unrolled castings made ot 
Bessemer, open hearth, crucible or any other steel. Ingots and 
pigs are in a sense castings; the term “steel castings“ is used in 
a more restricted sense, excluding ingots and pigs and including 
only specially shaped castings, such as are generally used without 
forging or rolling. They may, however, later be forged, ¢. g., under 
the drop press, when they cease to be “castings” and become 
“drop forgings“, or if only part is forged then they are partly 
forgings and partly castings. 

, Washed Metal, cast iron from which most of the silicon 
and phosphorus have been removed by the rich ferruginous slags 
of the Bell-Krupp process or its equivalent without removing much 
of the carbon, so that it still contains enough carbon to be classed 


1) Mr. Alexander Pourcel writes that he agrees with the classification of 
iron and steel presented by Mr. Greiner at the meeting of the Association held 
in Paris in 1900. “Irons are“, Mr, Greiner said, “distinguished from steels simply 
by the process of manufacture. Thus, all malleable cast metai is steel; all malle- 
able metal not cast is wrought iron, There are to be distinguished 1. pig iron, 
cast metal non-malleable: 2, wrought iron, malleable metal not cast; and 
8. steel, cast and malleable metal,“ A serious, if not fatal objection to this classifi- 
cation is that, according to it, what has hitherto been called blister steel becomes 
wrought iron, 
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as cast iron. The name “washed metal“ is extended to cover this 
product even if its carbon is somewhat below the proper limit 
for cast iron. 

Weld Iron, the same as wrought iron. Obsolescent and 
needless. 

Weld Steel, iron containing sufficient carbon’‘to be capable 
of hardening greatly by sudden cooling, and in addition slag- 
bearing because made by welding together pasty particles of metal 
in a bath of slag, as in puddling, and not later freed from that 
Slag by melting. The term is rarely used. 

White Pig Iron, and White Cast Iron, pig iron and cast 
iron in the fracture of which little or no graphite is visible, so that 
their fracture is silvery and white. 

Wrought Iron, slag-bearing, malleable iron, which does not 
harden materially when suddenly cooled. 

Wrought Steel, the same as weld steel. Rarely used. 


Definitions of the Microscopical Constituents (Metarals) of Iron 
and Steel. 


These definitions are based on the known and usually in- 
disputable properties of the several constituents, and not on their 
nature or constitution, which are still in dispute and likely to 
remain so for sometime, because of the complexity of their genesis 
and the imperfection and obscurity of our evidence. But we 
supplement the definitions with a brief statement of the more 
m portant present opinions as to the constitution of thes con- 
stituents. 

In this connection the chairman of this committee suggests 
the word “metaral*, the analogue of “mineral“, as the equivalent 
of the bulky term “microscopical constituents“. It is more accurate 
than “microscopical constituent“, because these substances are 
often far from microscopical, e. g. the graphite of pig iron and 
the primary cementite of ferro-manganese. Moreover “constituent“ 
seems vague. Occluded gas and dissolved iron oxide are surely 
constituents but hardly “metarals“, just as the carbonic acid dissolved 
in mineral water, though a constituent, is not itself a distinct 
mineral when so dissolved. 
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Preliminary Statement. Pure and commercial carbon steels 
consist normally when in region IV (see fig. I) of (1) Austenite, 
and when in region IX of (2) ferrite and (3) cementite, partly (and 
in case of eutectoid steel wholly) intermixed mechanically as (4) 
pearlite. In changing in cooling from austenite into ferrite and 
cementite the metal passes successively through the stages of (5) 
Martensite, (6) Troostite and (7) Sorbite, and it passes back in 
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the reverse order through those stages in changing back from 
ferrite and cementite into austenite on heating‘). Though stages 5, 
6 and 7 thus seem to have no region in which they exist normally 
and in equilibrium, but at most a mathematical line, they may be 


1) Other transition constituents, e, g., Osmondite and Troosto-sorbite 
(stages intermediate between troostite and sorbite), have been described by some 
writers, but the Committee believes that these terms, which at most represent 
constituents of only hypothetical existence, are neither needed nor used enough 
to justify giving them a place in this list of definitions. 
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preserved through lag by sudden cooling, and so may austenite 
under favorable conditions. Moreover, the presence of considerable 
quantities of carbon, manganese, and nickel both lower the bound- 
aries between regions IV and IX, and increase the lag, in both ways 
facilitating the retention of austenite and martensite in the cold, in 
extreme cases lowering these boundaries to below the atmospheric 
temperature, and perhaps expanding the mathematical line at which 
martensite is normal into a region covering many degrees of 
temperature. 


Austenite: A solid solution of carbon (or of an iron car- 
bide) in gamma iron, stable above the critical range.1) At all 
temperatures, above the critical range all iron-carbon alloys and, 
therefore, all varieties of carbon-steel and cast iron consist of 
austenite, often mixed, in the case of highly carburized alloys, 
with graphite. 

During slow cooling through the critical range austenite is 
converted into pearlite, a mechanical mixture in definite propor- 
tions of ferrite and cementite, further mixed with free ferrite or 
free cementite, according to whether the steel is hypo- or hyper- 
entectoid. Austenite can be.retained in the cold by cooling the 
metal from above its critical range so rapidly that the trans- 
formation of some of that constituent is prevented. But this re- 
tention is possible only in the presence of a considerable quantity 
of carbon, which acts as a brake in preventing the transformation, 
or of some other element or elements. like manganese and nickel, 
exercising a similar brake action. In the presence of large pro- 
portions of such elements austenite may be retained in the cold 
even after slow cooling: thus steel containing some 25 per cent 
of nickel, is austenitic, even when cooled slowly. 


Austenite which has been retained in the cold by the pre 
sence of a quantity of carbon, manganese and nickel, but little 
more than barely sufficient, is liable to change into martensite 
on undergoing shock or deformations. Austenite is habitually 
considerably softer than martensite and but slightly harder than 
ferrite (Osmond); it is non-magnetic and possesses a very high 
electrical resistance. 


1) By critical range is meant in these definitions the range of temperature 
between the three thermal critical points A8, A2 and AI, 
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In specimens properly prepared for microscopical examination, 
austenite remains light and fills up the spaces between the darker 
colored needle-like crystals of martensite generally accompanying it. 


Martensite. A transition constituent corresponding to the 
first stage in the transformation of austenite, as the metal enters 
its critical range. On slow cooling through the entire critical range, 
martensite is converted into pearlite (ferrite + cementite). 

To retain martensite in the cold, the rate of cooling must 
be slow enough to let it form, but not so slow as to let it in 
turn decompose. These conditions are generally fulfilled in the 
commercial Operation by which steel is hardened. This consists 
in cooling the metal quickly from a temperature above its critical 
range by plunging it in cold water or in some other suitable 
medium. Martensite, therefore, is the usual constituent of hardened 
carbon steel. It is generally accompanied by cementite in high 
carbon alloys, but by ferrite in very low carbon steel. Troostite, 
the next stage in the transformation of austenite is also frequently 
present in commercially hardened steel. 

Martensite is, next to cementite, the hardest constituent of 
iron-carbon alloys. It is very magnetic and appears to contain 
about half of its carbon as hardening carbon. 

In specimens properly prepared for microscopical examination, 
_ martensite is found to occur as irregular and ragged sheets, which 
in the section appear as needles generally.parallel to the three 
_ sides of a triangle, and frequently crossing each other. By the 
usual methods of etching, martensite is colored darker than austenite, 
cementite and ferrite, but not as dark as troostite, but after very 
careful preparation it may be white. While metallurgists do not 
agree in regard to the exact nature of martensite, it is generally 
admitted that it contains beta iron to which it owes its hardness, 
and alpha iron to which it owes its magnetic properties. But there 
is considerable difference of opinion in regard to the relation which 
the carbon bears to the iron. Some believe that martensite is 
essentially a solid solution, perhaps abnormal in nature, of carbon 
(or of an iron carbide) in beta iron (Osmond), while others regard 
it as essentially a solution of carbon in alpha iron, denying indeed 
the existence of beta iron (Le Chatelier). 

Troostite. A transition constituent corresponding to the 
second stage in the transformation of austenite. It forms during 
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relatively slow cooling through the upper part of the critical range. 
On slow cooling through the entire critical range, troostite is 
converted into pearlite (ferrite -+- cementite). 

The intermediate rapidity of cooling which allows the trans- 
formation to reach, but not to pass the troostite stage, and thus — 
preserves troostite in the cold, is given by qnenching either (1) 
in oil or hot water from above the critical range, or (2) in cold 
water from within that range, or (3) in case of the relatively slowly 
cooling central parts of large objects or objects protected by any 
thin coating, by quenching from above that range in cold water. 
Moreover cold austenite and martensite change into troostite on 
very slight reheating (to 200 or 275° Cent.) as in tempering. 

For given carbon-content troostite is softer than martensite, 
but harder than sorbite and pearlite. It probably contains a con- 
siderable amount of hardening carbon. 

In specimens properly prepared for microscopical examination, 
troostite occurs in irregular, granular, almost amorphous areas, 
colored much darker than the accompanying martensite by the 
usual etching methods. 

Metallurgists do not agree as to the nature of troostite. 
Some believe that it is a solid solution of carbon (or of an iron 
carbide) in iron (probably alpha iron), while in view of its specific 
volume and its specific resistance being identical with those of 
pearlite, others believe that it is simply a colloid or microscopically — 
irresoluble form of pearlite which may or may not be mixed with 
equally undetectable ferrite, cementite, austenite or martensite. 

Sorbite. A transition constituent corresponding to the third 
stage in the transformation of austenite. 

The intermediate rapidity of cooling which allows the trans- 
formation to reach, but not to pass the sorbite stage and thus 
preserves sorbite in the cold is given by quenching in cold water 
from the lower part of the critical range, or in oil from above 
that range, or by air cooling very thin pieces from above the 
critical range, or finally by reheating (tempering) hardened steel 
to a little above 500 degrees cent. 

Sorbite is softer than troostite, but harder than pearlite. It 
probably contains some hardening carbon. 

In specimens properly prepared for microscopical examination 
sorbite occurs as an ill defined, almost amorphous constituent, 
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colored lighter than troostite, but darker than pearlite by the usual 
methods of etching. 


Sorbite is generally thought to be essentially irresoluble pearlite 
i. e. a mechanical mixture of particles of ferrite and cementitel 
Which have been denied the necessary time for their segregation 
into the well defined parallel plates characteristic of the structure 
of pearlite. In hypo-eutectoid steel, sorbite frequently contains 
a larger proportion of ferrite than pearlite. 


Pearlite, the “eutectoid“, a mechanical mixture of six parts 
of ferrite with one of cementite, stable below the critical range 
It contains almost 0°90 per cent of carbon. It is the final stage in 
the transformation of austenite 


From the fact that pearlite is the normal condition at all 
temperatures below the critical range it follows that cold steel 
consists of pearlite whenever the cooling from the lower limit of 
the critical range has been slow enough to allow the other and 
unstable constituents to be transformed into pearlite. Thus it is 
the normal constituent of steel when annealed. 


It is accompanied by free or massive ferrite in hypo-eutectoid 
steel (steel containing less than some 0°90 per cent carbon) and 
by free or massive cementite in hyper-eutectoid steel (steel containing 
more than some 0°90 per cent carbon). 

It is softer than sorbite but considerably harder than ferrite. 


If is nearly, if not quite free from hardentng carbon. 


In specimens properly prepared for microscopical examination 
pearlite occurs in groups of very fine, but clearly defined parallel 
plates. or lamellas, alternately of ferrite and cementite. If the magni- 
fication is sufficient to resolve pearlite into its constituents, ferrite 
and cementite, the ferrite looks black and the cementite white. 
When etched by the usual methods, pearlite is darker than ferrite 
and cementite, but lighter than sorbite. 


@ememtite, ihe ‘carbide)jofiironfe,.C. It occurs chiefly 
either (1) as “primary“ cementite, forming large plates in white 
cast iron, spiegeleisen, etc.; or (2) as a component of pearlite 
Men eaor (3) /asut frees i “excess “), ore“ massive“ ,. cementite (these 
terms are identical in meaning) in white cast iron and in slowly 
cooled hyper-eutectoid and especially “cemented* steel, whence 
its name. 
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Gray cast iron, in spite of its large carbon content, often 
lacks “free“ cementite, because so much of its carbon has instead 
formed graphite, on account of slow cooling or of the presence 
of silicon or its equivalent. 

In alloys containing certain other elements, such as manganese, 
in relatively large amount, instead of the single carbide fe, C\ 
double and possibly trible carbides are formed to which the name 
of cementite is likewise given. 


Cementite is the hardest constituent of iron-carbon alloys. | 


In specimens of hyper-eutectoid steel properly prepared 
for microscopical examination, the cementite generally occurs 
either as a fine network surrounding meshes of pearlite, or in 
streaks detached from the network and crossing the pearlite meshes. - 
When etched by the usual methods cementite remains bright and 
structureless. 


Ferrite. Alpha iron holding in solution in the case of 
commercial grades of iron and steel, small and varying amounts 
of silicon, manganese, phosphorus and of some other rarer elements, 
but not more than 0°05 percent of carbon if any. 


In the complete or nearly complete absence of carbon the 
metal consists exclusively of ferrite regardless of the treatment to 
which it has been subjected. In the slow cooling of hypo- 
eutectoid steels and graphitic cast iron with less than about 
0°90 of combined carbon, the iron present in excess of the 
eutectoid ratio of about 99:10 parts of iron to 0°90 parts of combined 
carbon turns, in passing from Ar 8 to Ar 1, into “free“ ferrite. In 
the slow cooling of all carbon steels and cast iron, ferrite forms, 
as one member of the eutectoid “pearlite“, in passing the recalesence 
point, Arl. Even in the cast irons richest in carbon, ferrite forms 
on long high heating, by the splitting up of cementite with 
formation of temper graphite, He, C = 3 Fe+ Gr. 

Ferrite is the softest constituent of iron-carbon alloys. In 
specimens properly prepared for microscopical examination ferrite 
occurs in polyhedric crystalline grains or in case the carbon exceeds 
some 0°40 per cent as a network surrounding meshes of peatlite, 
By the usual methods of superficial etching ferrite remains brighter 
than pearlite, but on deeper etching some of the polyhedric grains 
are colored more or less deeply while others remain bright. 
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III. Glossary of special sizes, shapes and conditions of iron and steel. 


er 


English 


Bar Iron, wrought 
ifOm vie the: form of. 
| bars, rods, etc. 


Muck Bar, the 
rough bars usuaily 
1 inch thick and about 
4 inches wide, made 
by the first rolling of 
a ball of puddled iron. 


Merchant Bar, 
wrought iron in the 
form of merchantable 
| bars or rods made by 
shearing muck bar into 
short lengths, piling it 
and rolling or forging 
it at a welding heat. 


Bloom 1. A large 
bar, drawn from an 
ingot or similar mass, 
for further manufacture, 
2. A rough bar of 
wrought iron drawn 
from a Catalan or 
bloomary ball for 
further manufacture. 


Billett. A _ small 
bar drawn from a pile, 
bloom or ingot for 
further manufacture. 
The committee recom- 
mends that the line 
between. blooms and 
billets be drawn at the 
size of Dinches square}, 
as representing common 
custom, 


Slab, A. flat’ piece 
or plate, with its largest 
surfaces plane drawn 
or sheared from an 
ingot or like mass for 
further treatment. 


French 


Loupe, Lo- 
pin,Ebaucheé 
de puddlage, 

Fer brut. 


Bloom 


Billette 


German 


Stabeisen 
Stangen- 
eisen 


Rohzaggel 


Handels- 
eisen 
Merkantil- 
eisen 


Luppe 
Platte 


Wolf 


Packet 
Knuppel 


Platine 


Swedish 


no equi- 
valent 


‘para chapa 


Spanish 


Hierros 
laminados 


| Planchuela 
basta 


Hierros 
comerci- 
ales 


Tocho 


Billet 


Tocho 


Italian 


Ferro in 
verghe 


‘Spuntature 


Verghe 
mercantili 
(barre da 
icommercio 


Massello 


Verghe 
grezze 
(billette) 


Picolo 
massello 
(piattine, 
placche) 


*) Pourcel suggests 45 mm as a dividing line. — Brinell recommends 6” square. 
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IV. Opinions of Societies. 


In accordance with the suggestion of the council the secretary 
wrote in December, 1907 to the following societies, requesting 
them that the report of the Committee be considered and discussed 
at some of their meetings with a view of securing the opinions 
and criticisms of their respective members: 

Association des Ingénieurs sortis de l’Ecole des Mines de Liege; 

Comité des Forges de France; 

American Institute of Mining Engineers; 

Verein Deutscher Huttenleute; 

Jern Kontoret. 

Neither the Iron and Steel Institute nor the editors of the 
Technolexicon were included in this request, because the former 


society had already discussed our report, while the work of the - 


Technolexicon had been abandoned and the board dissolved. 

Of the five associations addressed only one, the American 
Institute of Mining Engineers, replied to the secretary’s letter. The 
secretary of that society called our attention to the well known 
fact that it is not permitted by its rules to pronounce a formal 
Opinion upon any proposition presented to them, except so far 
as to recommend the use of a given nomenclature by its own 
members in contributions to its transactions. 

But it printed our report together with some remarks in 
discussions.') 

Our report was printed by the Iron and Steel Institute?) 
also, and discussed at some length by several of its members. 
But the Iron and Steel Institute, also failed, and for similar reasons, 
to express any formal opinion as to its merits. 

The individual opinions expressed in the course of these 
discussions have been carefully considered by the Committee and 
it will be found that the equivalents of some of the suggestions 
made have been incorporated in the present report. In a few 
instances it has seemed expedient to explain why the other 
suggestions were not followed. 


1) Bi- monthly Bulletin-American Institute of Mining Engineers, Mar, 1908, 
pp. 227—237, and July, 1908, pp. 615—620, 
?) “Journal of the Iron and Steel Institute“ September 1907, No III for 1907. 
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Gietyzer 


aa (ruwyzer) 


witgietyzer 
(witruwyzer) 


Grauw gietyzer 


Mottled 
or pig 

- SEs Sie 

Pig iro 
gray, mo 


wit korreliggietyzer 


Ruwyzer (gemeleerd)} 


Ruwyzer 
cerste gieting 


Thomas ruwyzer 


Hematite 
or pi 


Haematitruwyzer 


Ontphospherd 


Washe : 
gietyzer 


Refined q Gezuiverd gietyzer |] 


Houtskolen gietyzer 


Special gietyzer 


Malleable |} Smeedbare gieting 
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lian | Spanish 


‘iaio | Acero 


di ferro 
2 (acciaio Hierro fundido 
ice) 


d’acciaio, : 
a ae Acero fundido 
as pe 
Bessemer Acero Bessemer 4 
Martin Acero de Solera Bla 
Flas 
crogiuolo] Acero de crisoles 
o fuso Acero fundido pias 
acciaio Piezas de acero arr 
ato colado 
saldato S 
figidahe Acero Soldado 
Ss 
ementato Sey 
crogiulo 
putadiona Acero cementado 
ementato 
amascato 
saldato) _ 
yudellato Acero Pudelado oe, 
. il H -_ el yi 
: mers Aleaciones de Acero 
speciali) 
icinato Hierro forjado ac 
aldato Hierro soldado 
idellato Hierro pudelado 
ioe } 


ng a tenacity greater than 5) kg per sq 
. mm should be called Schweifstahl and 
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7 NS as in 6 ><s Nie. it) 6s Ss 
English French Italian Spanish Bei | Swedish | Danish Dutch 
SOpMeReailens Sp ec i-e-s 
Cast iron Fonte Ghisa Peet cacennt eae ae Se ceeutie tee piehyzer 
if remelted sue Stébejern (ruwyzer) 
WEAR Tt G3 trode Gg Vitae: tallceas 
White cast iron Bo eeninccn: Ghisa bianca in Ree a de tie ae ae Roheis Hyj ior Hvidtie = witgietyzer 
| or pig iron pani, Ghisa bianca oe oe bleaeee eee av a pees VARIA Ae Sele vid cED (witruwyzer) 
Lingote de hierro Graatjern 


Gray cast iron 
or pig iron 


Fonte grise Ghisa grigia 


gris y fundicidn 
de hierro gris 


Graues Roheisen Gratt tackjern 


Graat Raajern 


Grauw gietyzer 


Mottled cast iron 
or pig iron 


Fonte truitee Ghisa trotata 


Lingote de hierro 
truchado y fundicién 
de hierro truchado 


Hagelstatt or 


Halbiertes Roheisen | Halfhwitt or halfgratt 
tackjern 


Spragletjern 


wit korreliggietyzer 


Pig iron (white, 
gray, mottled, etc.) 


Gueuses de fonte 
ou fonte en gueuse 


Ghisa 


Lingote de hierro 


Gufeisen 
Roheisen (in Masseln 
oder Gansen), Guiieisen 
(wei, grau, halbiert) 


Tackjern 


Pigjern or Raajern 


Hot metal, or 


Fonte de premiere Ghisa da prima 


Metal caliente 
6 metal directo 


Remeisen 
Roheisen, Gufeisen 
erster Schmelzung 


Tackjern direct gjutet 
fran Masugnen 


Smeltet Raajern 


Ruwyzer (gemeleerd) 


Ruwyzer 
cerste gieting 


Lingote de hierro 
basico 


Malleable pig iron 


direct metal fusion? fusione liquida 

Basic cast iron : ait ; 
Nes a Ghisa basica in pani 

or pig iron 
Hematite cast iron aa 2a : 
ae — Ghisa ematite in pant 

or pig iron 

< Ghisa per 


affinazione 


Lingote de hierro 
hematites 


Lingote de hierro para 
fundicidn maleable 


Thomas Raajern 


Thomas ruwyzer 


Washed metal 


Fonte épurée Metallo defosforato 


Fundicion de hierro 
refinada 6 lavada 


Refined cast iron 


Fonte mazée Ghisa affinata 


Fundicion de hierro 
refinada 6 depurada 


Charcoal hearth 
cast iron 


Ghisa al carbone 


nte mazé 
Fo REKS di legna 


Fundicion refinada 
al carbon vegetal, en 
fuego de afineria 


Alloy cast iron 


Lega di ghise 


) 5 spéciales : gal 
ed dota (ghise speciali) 


Aleaciones de hierro 
colado 


Thomasroheisen — 
Hamatitroheisen = Haematit Raajern Haematitruwyzer 
Schmiedbares = Hammerbart- SR enn ore 
Gufeisen Stébejern Ste ial 2 
Entphosphortes Tvattad Affosforet Raajern Ontphasphend 
Roheisen gietyzer 
Gefeintes Eisen Raffineradtjern Basler. yl Gezuiverd gietyzer 
ee Hardfriskning 5 
Herdfrischeisen ee eet 
< Raffineret Raajern | Houtskolen gietyzer 


Holzkohlen 


- : for hardfarskning 
Herdfrisch-Roheisen eee =) 


Sondergufeisen Special tackjern 


Special Raajern 


Special gietyzer 


| 


Sapien .c: i.e" 


Srp ne Cra h ens 


Malleable castings 


Pezzi fusi (getti) 


| Fonte malleable di ghisa malleabile 


Piezas de fundicion 
de hierro maleable 


Schmiedbares Guf- | 
eisen or schmiedbarer 
Gufs 


Aduceradt jern 


Hammerbart St6- 


bejern, Hammerba 
Stobegods 


rt} Smeedbare gieting 
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Names N82 oan © 
English | French | Italian | Spanish German | Swedish | Danish | Dutch 
Pap cone yes Sopvec lees 
Steel | Acier | Acciaio | Acero Stahl | Stal | Staal | Staal 
Veart bet Vee d. V aat se ayes 
“Called steel because cast Lingotto di ferro : Smelk 
initialy intoa malleable mass | Acier doux, acier e Ris | : : . = Staal eens her 
1, Soft or low carbon steel, extra doux. fer fondul °MOSene° (acciaio Hierro fundido FluBeisen!) Gotmetall Bisdstaal Vloeiyzer 
or ingot iron dolce) ae ie ee ~ 
2. Half hard and hard Acier fondu, acier | Lingotto d’acciaio, Tages 
- medi ( my i f ic 1 — Haardtstaal Vloeistaal 
| or Pape ees fnichamacieedar | duto, semi-duro Acero fundido Flu8stahl1) 
5 UD =) Vilar te omt steers Sub =v raereisert ees 
; meats bees i Bessemer-Flufieisen i 9 =“ 
Bessemer steel Acier eis ules f Acciaio ea Bee Bless eiie! Bessemer FluBstahl Bessemerstal Bessemer staal Bessemer staal 
Acier Martin Siemens, she a ’ Flammofen-Flufeisen oe . Frischstaal, Siemens- 
Open hearth steel apie oe ee Acciaio Martin Acero de Solera Flaiimofen Flufstahi Martinstal Martinstaal Martitetaat 
Ane: : ; zs + a3 alge zg ; TiegelfluBeisen ~ Degelstal or aT 7 
Crucible steel EAE aU crcuert pecinls a osulalsells Acero de crisoles TiegelfluSstahl Degelgjutstal Digelstaal Kroerzenstaal 
Cast steel Acier au Creuset Acciaio fuso Acero fundido Gufstahl Gjutstal Stdbestaal Gietstaal 
BRA: nae Pezzi di acciaio Piezas de acero t o1:,..3. | Staalstébegods, or] 4, 
Steel castings Moulages d’acier alae eoiade Flu8waren Stalgjutgods Fuconeods Vormgietstaal 
Vict ive ity. Motel. of 1 oC Vaiss 
Weld steel, or wrought. lec < i sete anaes ante | = nee : Wall stal : 
steel called steel because ? Acciaio saldato Schweifstahl or mi Welyzer 
it is capable of hardening ba ELIS ae Acciaio fucinato eee SchweiBeisen!) Cry ues pvejsestzal Welstaal 
greatly by sudden cooling ; no equivalent 
Sie Oo ay der bless ve ap SU Dye Vi ard eta ees 
Blister steel, also | Acier poule, acier eee oe aa Blasstal, 
called cemented and cémenté, acier de KeGicin Geekeuutes Bue Lae cena Zementstahl Brannstal, pone rf Cementstaal 
converted steel cementation esterna cementato ay % Cementsta! ementstaa 
waehn area Acier rafiné une Acciaio damascato a ‘Bstahl : 
fois corroyé (acciaio saldato) Schweifsta an Svejsestaal Welstaal 
Puddled steel Acier puddle Acciaio pudellato Acero Pudelado - Puddelstahl | Puddelstal Puddelstaal Puddelstaal 
Vig otot Lee bey gels V oa 9 tee 
Alliages a base de Lega di acciaii ee | i if 
Alloy steels fer, aciers spéciaux} (acciai speciali) Aleaciones de Acero Sonderstahl | Special stal Special staal | Specialostaal 
mh aah ee Be hak Sli Cal 65S 
Wrought iron (or weld Ferro fucinato Hierro forjado Schmiedei d Smidesi 
: : bya ar ceoudé J chmiedeisen an midesjern ok: 
ges aAltaablA ieaptie hes Ferro saldato Hierro soldado Stabeisen Lancashire jern eVessejerit Welwmer 
Vos of, Ue i aleees Nears tilertoa ene 
Puddled iron Fer puddlé Ferro pudellato Hierro pudelado Puddeleisen Puddeljern Puddjern Puddelyzer 
Bloomary or Fer au bois (obtenu Laneashire Haerd frisket j es 
" — iy 28 aie 7 r t jern (always : 
at ienecten au Bas-Foyer) Herdfrischeisen Franche-Comté or | refers to Lancashire iron | Puddel of frischyzer 
Walloon jern from Sweden) 
1) According to Wedding cast metal having a tenacity greater than 5) kg per sq. mm should be called FluB i i itv i ; 
eisen. Weld metal with a tenacity exceeding 42 keg per sq. mm should be called Schweifstahl ae with a less eaacieys Senet ted ian Wilh smaller tenacity it nomi ee aad 


N 4a °>.an ee aS 


Swedish 


SD ge 4c ae as 


Danish 


Stahl | Stal Staal | Staal 
Viagra ety 9 os 
. : Staal Smeltyzer 
FluBeisen}) Gétmetall Blddstaal Vioeiyzer 
Flu8stahl1) — Haardtstaal Vloeistaal 


Sib = V abr: 225 ee ae 


Binet Tey Bessemerstal Bessemer staal Bessemer staal 

nmofen-Flu8eisen RY Frischstaal, Siemens- 

nmofen-Flufstahl Mastinsta} Martinstaal Martinstaal 

Tiegelflugeisen _- Degelstal or : 

TiegelfluBstahl Degelgjutstal Digelstaal Kroerzenstaal 
Gu8stahl Gjutstal Stdbestaal Gietstaal 

ae ce eee Staalstébegods, or 
Flu8waren Stalgjutgods Facongode Vormgietstaal 
V, aor a 6 tay, 
chweifSstahl or Bibs Bi me) cred erat ; Welyzer 
SchweiBeisen!) y : J Welstaal 


no equivalent 
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Blasstal, Blaerestaal or 
Zementstahl Brannstal, ee Cementstaal 
: Cementstaal 
Cementsta! 
Schweifstahl -- Svejsestaal Welstaal 
Puddelstahl Puddelstal Puddelstaal Puddelstaal 


Vigor 2 Ty ae 


Sonderstahl | Special stal 


Shpeeic.1 8 


Special staal | Specialostaal 


hmiedeisen and Smidesjern Peet See AN sl hnaeel 
Stabeisen Lancashire jern ‘hee ahs y 
Vea i ital es. 
Puddeleisen Puddeljern Puddjern Puddelyzer 
Laneashire : fa 
2 : * Haerd frisket jer 1 d 
Jerdfrischeisen Franche-Comté or saint ae pecs a Puddel of frischyzer 


Walloon jern 


.mm should be called FluSstahl, while with a smaller tenacity it should be called Fluf- 


| with a less tenacity, Schweifeisen. ' 


from Sweden) 
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VIII 11 
CONNECTION BETWEEN THE PERMANENT 
SETS CAUSES BY TRACTION AND COM. 
PRESSION. 


By Dr. Ing. William Misangyi, Budapest. 


Translated from the German by Dr. H. Borns, London. 


When we wish to determine the connection between the 
permanent deformations caused by traction and by compression, we 
have to characterise the deformation This is most perfectly attained 
by the aid of diagrams which represent the specific stresses as a 
function of the specific alteration of some dimension. Both Mr. 
Rejt6') and Mr. Mesnager') have adopted this method, but we 
know that their results differed. 

Mr. Rejt6 calculates the different forces acting upon the 
altered cross-section, the tensjle and compression stresses, and the 
Specific increments in the measurements. It should be emphasised 
that, as Mr. Rejt6 says, “the alteration in the internal friction 
must be of the same value with stresses of various kinds, when 
the resulting increase in the dimensions, expressed in per cents, 
is the same“. ”) 

When the stresses of tension and of compression are plotted as 
ordinates and the specific increases in the dimensions as abscissae, 
we obtain tension curves according to Rejt6. In these curves of 
tension and compression those stresses will go together which 
correspond to the same specific increase in same dimension. When 
the compression stress is compared with the respective tension 


1) Congres international des méthodes d’essai des matériaux de construction, 


Paris 1900. 


2) Rejt6, “Der Wert der inneren Reibung“, Baumaterialienkunde, 1904. 
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stress in the case of a tough material, near the limit of the tenacity 
it will result that this ratio is tan B, when 8 is the angle of 
sliding (and 6 > 45°), 

Mr. Mesnager likewise in constructing his diagrams makes: 
use of the stresses which belong to’ the altered cross-sections. 
His abscissae are of a different kind, however. He deduces 
that in order to characterise the alterations in the dimensions, 
we should with tension apply log (1 +A), and with compression 
log (1— se), where i is the increase in length produced. by tensile 
stress, and ¢ is the specific diminution in the length corresponding 
to’ compression; the logarithms are natural. The thus obtained 
stress curves of tension and compression should coincide, according 
to Mesnager, as long as the original states were the same with 
tension and with compression. 

When we designate the compression stress by q, the tensile 
stress by p, and the sliding angle by B (> 45°), then 

Mr. Rejt6’s equation is: 


q 
— = tan 1 
% B (1) 
Mr. Mesnager’s: 
q 
——= |] 2) 
5 ( 
A third equation, due to Duguet, should be added: 
q 
— = tan? 3 
5 c (3) 


This last equation has been deduced by a purely mathematical 
method. ‘The stresses have the indicated magnitudes, and Mr. 
Mesnager has indeed likewise arrived at this equation; but he 
remarks that his experiments approximately gave the value unity 
for this ratio, and that the third equation hence lacks justification. 

Nor have I found any results that would justify this third 
equation. All the more satisfactory are the conclusions as to the 
first and second equations, to which my experiments have led me?), 

The stress-strains diagrams furnished by the machines have 
enabled me to plot stress curves according to Rejt6 and to 


1) The experiments have been conducted at the Technical High School at 
Budapest, with the aid of the recording Rejté testing machines. The results 
have been published in the Wochenberichte des Ungar. Ingenieurvereines, 1908. 
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Mesnager. The compression stress curve of Rejt6é goes somewhat 
higher up than his tension stress curve; on the Mesnager method 
the two curves coincide. 

Although it is in general very difficult to determine the angle 
of sliding accurately, I have yet succeeded in demonstrating experi+ 
mentally, that equation 1 and the’ determination of the angle of 
sliding yield the same value; thus. equation 1 may be considered 
to have been confirned by these experiments. 

Equation 2 is confirmed by the curves which have been 
prepared after Mesnager. They coincide so beautifully that the 
inequalities in the material are greater than the differences between 
the tension and the compression curves. 

It would result, therefore, 1. that the tension and com- 
pression curves plotted according to Professors Rejté 
and Mesnager are notin contradiction to-one another and 
that they can co-exist; 2. that equations hk and 2 may be 
accepted as correct, simultaneously and jointly, because 
they both agree with the experiments; the tension and 
compression stresses merely appear differently chosen. 

According. to Professor Rejté the co-ordinated tension. and 
compression stresses are chosen in such a way, that when A signifies 
the specific increase in length due to tension, and ¢ the specific 
diminution in length due to compression, the following equation 
will hold for X and e: 


(+ A)?.d—e) = 1 (4) 
While according to Mr. Mesnager 
(L + A), (l—e) = 1 (5) 


which follows from the respective theories. 

In deducing the tension and compression: curves we want 
the same experimental data, whether we proceed by the Rejté 
or the Mesnager method; only the abcissae are represented in 
different ways. Consequently we can derive the stress-strain dia- 
grams: of Mr. Rejt6 from those of Mr. Mesnager and vice versa, 
so that one kind of stress will suffice for the determination of the 
angle of sliding. 

In the case of a pull, we first plot the tensile stress curves 
according to Mr. Mesnager and to Mr. Rejt6. With the Mesnager 
method, this curve will likewise represent the thrust curve, while 
the Rejt6 thrust curve can be calculated. from it. The two Rejtd 
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curves will suffice for the determination of the angle of sliding - 
by equation. (1) : 

When we merely possess compression data, the compression 
stresses are first plotted according to Mr. Mesnager and to 
Mr. Rejt6, and by calculation we obtain from the Mesnager 
compression stress curve — which may also be regarded as the 
tensile strength curve — the Rejt6 tensile stress curve. When 
we have obtained the two Rejt6 stress curves, the angle of sliding 
can again be determined. 

We have to point ont that the tensile stress curve of Mr. Mes- 
nager only permits of determining the first half of the Rejt6 
compression curve. The derivation of the second half requires an 
analytical treatment of the curve. For this purpose the Mesnager 
curve is suitable replaced by a parabola, by which means we are not 
only enabled to construct the unknown second half of the Rejt6 
curve, but we also obtain a formula for calculating the angle of 
sliding for tension. This formula is: 


Oe tan ie =e et (6) 
Pe Pe 
in which qe is the compression stress, pe the tensile stress for the 


limit of tenacity, and p’ is a tensile stress which corresponds 
to the abscissa i‘, for which the formula: 

1+M=)V1I+2%. (7) 
is valid. 

Since the quantities p’ and pe which occur in formula 6 can 
directly be derived from the stress-strain diagram — which has 
been recorded by the machine — we need not plot the stress 
curve when we wish to determine the angle of sliding. 

The experiments shewed that the angle of sliding deduced 
from the formula agreed well with the experimental angle. 

We find, therefore, with regard to therelation between 
the theories of Professors Rejt6 and Mesnager, that the 
angle of sliding can be determined from one kind of 
stress. When tensile stress is applied, the determination 
can be effected by means of a convenient formula. 

In all the special cases, therefore, in which only one 
kind of stress can be applied, when the shape or the small 
dimensions of the available test piece permit either only tension ~ 
or only compression tests, this method will prove a good 
expedient 
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TENACITY AND MALLEABILITY. 
By Dr. Ing. William Misangyi, Budapest. 


Translated from the German by Dr, H. Borns, London. 


Most investigators consider that the deformations which a body 
undergoes under stress indicate a sliding of the particles of the solid 
body. While this sliding lasts, the friction between the particles has 
to be overcome, and these frictional forces form those internal 
resistances which the external force has to overcome when a per- 
manent set results. 

According to Mr. Rejt6 the internal friction is a function of 
the cohesion and of the coefficient of friction. When both 
these factors are constant, the internal friction will likewise be 
constant; when the cohesion or the coefficient of friction varies, 
the internal friction will likewise be changed. 

Mr. Rejt6 designates as malleable (bildsame) materials those 
whose internal friction is constant, and as tenacious (zahe) mate- 
rials those, in which the internal friction increases while a per- 
mament deformation is taking place. 

The property of being shapable (Formbarkeit) therefore con- 
sists in a tenaticy and in a malleability. All shapable materials are 
either tenacious or malleable or tenacious and malleable. The case 
occurs pretty frequently that a material, whose internal friction in- 
creases, will still posses a further power of being shaped even after 
this internal friction has attained its maximum value; in this change 
of shape, however, the maximum internal friction attained will be 
constant. Such materials are in the first instance tenacious and 
become afterwards malleable. 
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The Hungarian Association for Testing Materials has in late 
years discussed the uniformity of the tenacious deformation and the 
behaviour of the malleable materials. As regards the former problem 
Mr. Rejt6 asserted on the strength of his traction tests, that the 
permament deformation was uniform during the period of tenacity. 
Mr. Bartel, on the other hand, observed in his tests that the test 
rod often turned conical during the period of tenacity. In order 
to elucidate this question I have conducted experiments for which 
I selected typical kinds of iron, soft, medium hard, and hard. My 
chief task was the accurate measurement of the cross-sections. 
My observations concerned nine cross-sections of rods, 100 mm 
in useful length and 8 mm in diameter. The original cross-section 
was not strictly cylindrical to start with; it displayed even in the 
very carefully selected tests rods differences of from 0°19 to 0°25%/,, 
and in the other test rods differences of 1 or 2°/, in the cross- 
section. Thus with a cross section of 50 mm? discrepancies of 0-1, 
respectively of from 0°5 to 1:0 mm? were observed in the maximum 
and minimum cross-sections. The tensile strength test was inter- 
rupted each time when an elongation of 5°/) was noticed, and 
was only continued after an accurate determination of the cross- 
section. 


These tensile tests demonstrate: 1. that the accuracy 
of the original shape has a great influence upon the de- 
velopment of the permament deformation; 2. that the 
altered shape of the rod retains the character of thes 
initial shape; 3. as a consequence of the want of homoge- 
neity in the material, a smallest cross-section will only 
then be noticed at some spot when the original rod had 
very carefully been worked; otherwise the originally 
smallest cross-section will remain the smallest during 
the permament deformation, but the difference between — 
this cross-section and the maximum cross-section will 
go on increasing; 4. the altered shape ofthe test rod may 
appear conical after a tough deformation, provided the 
initial shape was already conical; at first this feature 
will not be noticeable on account of the small difference in 
the cross-sections; after a certain tenacious permament de- 
formation the difference will be greater, however, and 
the conical character will be more perceptible. When the 
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original shape is truly cylindrical, i. e. when the test rod 
has all over its gauge length exactly the same diameter, 
the deformation will be uniform with a homogeneous 
material. When however the test rod has not been care- 
fully prepared, so that the cross-sections differ conside- 
rably, every cross-section will naturally undergo a dimi- 
nuation corresponding to its load. 

The elucidation of the second problem, the behaviour of 
malleable materials, necessitated the following experiments. 


30/60 mm rolled iron, from Salgé6-Tarjan, was first tested in 
the state in which we received it. We then prepared specimens 
of a cross-section of 30 by 30 mm. These specimens were broken 
in a Werder-Maschine, solely for the purpose of producing a 
material which did not differ from the original in any other way, 
but that it had been put under tensile stress. Of the rods which 
had been submitted to this stress we prepared four pieces which 
were slowly stretched by cold hammering to such an extent that 
their cross-section was reduced to one-eighth. 

The comparative experiments made with the broken and 
the original material proved that the simple traction sufficed to 
destroy the greatest portion of the tenacity. Since, as was 
already mentioned, it happens frequently that the cross-sections 
differ by relatively large amounts from the start, the smallest cross- 
section will, at the completion of the tenacious deformation of the test 
rod, already have suffered a diminution which will correspond to the 
real exhaustion of the tenacity at that spot, while the larger 
cross-sections will yet be more or less remote from this condition. 
A small portion of the tenacity will hence remain unexhausted 
in the thicker parts of the rod, because the stress cannot any 
further be increased. This is, in our case, the cause why only 
the greastest portion of the tenacity, but not the 
entire tenacity, was nihilated by the breaking test. 

The tension tests of the material stretched in the cold 
indicated already by the appearance of the stress-strain diagram 
that the material did not any longer possess any tenacity 
in that state. The stresses increased along a steeply ascending straight 
line. The maximum was quickly reached, and the contraction 
followed at once, so that a diminution of the cross-section was 
noticeable only near the spot of the contraction. In this way 
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there resulted the value 0, for the uniform elongation 
and for the tenacity, but for the maximum strength and 
the maximum hardness the average value 74°70 kg/mm‘, 
while the original strength had been 33°55 kg/mm? and the 
maximum hardness 40°63 kg/mm*?. 

The compression tests of the cold-stretched material 
indicated likewise, that the material had entirely lost its 
tenacity and had merely remained malleable. That is to say, 
the material still possessed a kind of plasticity which was only 
possible, however, with a constant internal friction. The com- 
pression stresses have been calculated for the altered unit cross- 
section and they were found to be constant until the height 
of the compressed specimen had become too small by comparison 
with the diameter. 

We thus recognise that the tenacity is diminished and 
even altogether destroyed by stress applied in the cold, 
but not the malleability. 

A further difference should be noted between the original 
material and the material after having been stretched in the cold; 
the cohesion rose from 118°7 kg/mm? to 169 kg/mm?. Micro- 
scopic examination confirmed the assumption that the increase 
in the cohesion was to be ascribed to the finer grain 
structure; the original material showed large crystals and a 
coarse grain, while the stretched material displayed a very fine grain. 

The originally tenacious and malleable material has hence 
altogether lost its tenacity by being forged in the cold, while 
retaining its malleability. The thus produced material still possessed 
hence a kind of plasticity corresponding to a constant internal 
friction. This is the malleable deformation. The substance 
affords a beautiful example of a merely malleable material 
which also possesses a very high strength. The original 
strength was raised to more than double its value, from 
33°55 kg/mm? to 74:70 kg/mm?, by the cold forging process; yet 
the material had not turned brittle; it still remained shapable, 
because the malleability could not be destroyed, nor diminished. 
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REPORT OF THE COMMITTEE ON REIN- 
FORCED CONCRETE. 
Presented by the Chairman of Committee No. 41, Prof. F. Schiile, 
of Zurich. 
Translated by A. R. Liddell, Charlottenburg. 


In accordance with a decision of the Brussels Congress, the 
Council nominated an international committee in 1907 for the 
study of reinforced concrete, the chairmanship of which M. Con- 
sidere, of Paris, was good enough to accept. M. Considére, 
though remaining on the committee, found himself obliged, at the 
beginning of 1908, to give up his presidential functions. These 
were, at the invitation of the Council, accepted by the reporter. 


In the spring of 1909 the committee was constituted as follows: 


Chairman: F. Schii/e, Professor am Eidg. Polytechnicum und 
Director der Eidg. Materialpriifungsanstalt in Ztirich. 

Vice-Chairman: Germe/mann, Geh. Oberbaurat im Ministerium 
der offentlichen Arbeiten, Berlin. | 

A. W. Talbot, Professor of the University of Illinois, Urbana, 
Illinois. 

Members: W. H. Warren, Professor of Engineering, Univer- 
sity of Sydney. 

Paul Christophe, Ing. principal des ponts et chaussées a 
Bruxelles. 

7. Grut, Captain in the Royal Danish Engineer Corps, 
Copenhagen. 

£. Suenson, Professor of the Royal Technical College in 
Copenhagen. 

Burstenbinder, Baurat der stadtischen Baupolizei, Hamburg. 
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Alf. Hiiser, Engineer, of Obercassel. 

Dr. Ing. A. Martens, Professor, Geh. Ober-Regierungsrat, 
Direktor des kgl. Materialprufungsamtes, GroB-Lichterfelde W. 

E. Ziiblin, Engineer, of StraBburg i. E. 

Max Clarke, F. R. I. B. A., London. 

William Dunn, Representative of the Concrete Institute, London. 

Edwin O. Sachs, F. R. S. E., Chairman of the British Fire 
Prevention Committee, London. 

Dr. W. C. Unwin, Professor, Representative of the Institution 
of Civil-Engineers, London. | 

A. Considere, Insp. gén. des ponts et chaussées, en retraite, Paris. 

R. Feret, chet dulab. des ponts et chaussées, Boulogue-sur-mer. 


A. Mesnager, Professeur, Ingénieur en chef des ponts et 
chaussées, directeur des lab. a l’Ecole des ponts et chaussées, Paris. 

Ch. Rabut, Ing. en chef des ponts et chaussées, Versailles. 

M. Tricon, directeur de la Société des travaux en béton 
armé, Paris. 

S. J. Rutgers, Engineer in the municipal Building Office, 
Rotterdam. 

Silvio Canevazzi, Professor at the Engineer's School in 
Bologna. 

Camillo Guidi, Professor at the Engineers School in Turin 

Claudio Segré, Chief-Engineer of the State Railway Testing 
Institution, of Rome. 

The Royal Norwegian Roads-Directorate, of Christiania. 

V. Brausewetter, Engineer, Concrete-Building Contractor, 
Vienna. 

Dr. v. Emperger, Oberbaurat, Vienna. 

B. Kirsch, Professor der k k. technischen Hochschule, Vienna. 

J. Melan, Professor der k. k. deutschen technischen Hoch- 
schule, Prague. 

Dr. N. Belelubsky Excellence, Professeur, Directeur du Labor. 
méc, de l'Institut imp. des voies de comm., St. Pétersbourg. 

S. Droujinine, Prof. a l'Institut polytechnique de St. Petersbourg. 

R. Maillart, Engineer, of the firm of Maillart & Co., of 
Zurich. 

Desiderius Nagy, Professor at the Polytechnikum, Budapest. 

Samuel Pecz, Professor at the Polytechnikum, Budapest. 

Joseph Schustler, Civil-Engineer, Budapest. 
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Dr. Richard Zielinski (Szilard), Professor at the Polytech- 
nikum, Budapest. 

E. Turneaure, Dean of the College of Mechanics and En- 
gineering, Madison, Wisconsin. 


The Committee met in October 1908 at Bale, 19 members 
representing 9 countries, taking part in the proceedings. The 
principal subject for discussion was’ the establishment of a 
programme of work for the Committee, especially in view of the 
coming Congress in Copenhagen. The decisions arrived at were 
the following: 

1. A representative of each country shall give an abstract, 
in such form as he considers suitable, of the scientific investigations 
undertaken or proposed to be undertaken on the domain of rein- 
forced concrete. 

2. This report shall indicate the measures adopted for the 
inspection of reinforced concrete in the country in question. 


3. A sub-committee shall draw up an agreement on _ the 
subject of uniform notation in the static calculations appertaining 
to reinforced concrete and as to the uniform grouping of the data 
and test-results, so as to facilitate the study of scientific works 
relating to this material. This committee includes the following 
members: Messrs. Melan (Prague), Mesnager (Paris), Maillart 
(Zurich), Rutgers (Rotterdam), and Sachs (London). 


4. Finally two reporters were nominated to deal with the 
two following important questions: 

Herr v. Emperger (Vienna): Casualties in Reinforced Concrete 
Building, and M. Rabut (Paris): The Experimental Study of 
Completed Buildings. | 

Reports were received by the chairman in relation to points 
1 and 2 from the following gentlemen: 

Geheimrat Germelmann for Germany, 

Professor Benetti for Italy, 

Professor Suenson for Denmark, 

Engineer Rutgers for Holland and 

M. Schule for Switzerland. 

These reports are published: in full, as annexes, in the original 
languages, and serve to show the progress made in the methodical 
testing of reinforced concrete. 
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The most important and complete of the investigations are 
still proceeding, and although it is not very likely that they will 
result in important modifications in the deductions made from 
earlier experiments, it will nevertheless be better to await their 
results before formulating definite conclusions in regard. to the 
numerous problems connected with reinforced concrete. The action 
of the Committee will be. greatly hampered by this circumstance. 


It will not, however, be necessary to wait for what the greater 
number of analogous experiments in existence enable to be 
calculated with more precision, viz. the internal strains set up in 
a reinforced concrete structure under the influence of external 
forces, It will always be necessary to distinguish between two 
groups of questions, which are to be solved by these tests: 

a) The progress of the phenomena and of the deformations 
occurring under the action of external forces, varying as-these do 
according to the arrangement of the iron and of the concrete, as 
also according to the composition and the manufacture of the 
latter material, in fact the descriptive experimental study of rein- 
forced concrete. , . | 

b) The determinations of the amounts of the internal’strains 
from the initial deformations up to the moments of rupture, so as 
to establish the effective degree of safety corresponding with a 
given load, and the stresses to which the metal and the concrete 
may be subjected. This is the study of the strength of reinforced 
concrete. 7 

The progress of the phenomena and deformations can be 
described with sufficient exactness without the use of absolute 
figures. This study will contribute towards the formation of the 
judgment of the engineer. 

In the study of the strength, the figures are everything, but 
for concrete their limits of variation are so extensive, that in 
practice any considerable precision is out of the question as soon 
as the concrete plays the principal part in the absolute strength of a 
portion of the structure. A design, made by the aid of what is 
called statical calculation, is and remains an approximation, which 
supplies the proof that under normal or even average conditions 
of actual work the interior stresses maintain themselves at a 
somewhat low figure in order that the safety of the construction 
may be guaranteed. 
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. The method of calculation could not be based on the more 
favourable of:the results obtained, but must be adapted to those 
given by concrete of a less excellent quality. 

_ The International Association has opened up an immense field 
for its labours in the admission of the study of reinforced concrete 
to its programme. In connection with other materials of construction, 
it is essentially the methods of testing of which it takes cognisance; 
would it not, as regards reinforced concrete, have been more 
correct to limit the domain of the Association’s investigations? 
With a view to the attainment of results of a general and scientific 
character, it would have been advisable to. exclude everything, 
the applications of which, including even the relative values of the 
different systems of reinforcement, are aimed at a certain fixed 
problem of construction. 


The task then becomes concentrated: 


1. on the general study of the properties of reinforced 
concrete tested by bending, compression, shearing etc., that is to 
say, by external forces; 


2. the study of the physical properties of reinforced concrete, 
especially of the influence of temperature, of shelter from the air, 
and of expansion under water; 


3. the study of the influence of external agents, such as fresh 
water, salt water, aqueous vapours, smoke, sulphurous acid, ammonia, 
oil, tar, and electric currents; 


4. the study of accidents and their causes; 


5. the study of practical methods for the testing and the 
periodical inspection of reinforced concrete. 


All these investigations have already been made the subject 
of important work in several countries; it would be the essential 
task of the Association to group the results obtained, in so doing 
to give a useful impulse to the remaining investigations, and to 
establish a permanent connection between the engineers who are 
giving their attention to these questions. 

It is the province of the Committee to establish a more precise 
programme of the work to be done between one congress meeting 
and the following one, for it is not likely that all the questions 
can be attacked simultaneously; it would be a good plan to 
concentrate the discussion at the Congress on the course to be 
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followed in the works of investigation, so as to give the Committee 
directions in harmony with the views of the Members of the 
Association. 

The task proposed for the Sub-Committee presided over by 
Prof. Melan has for its aim the simplification of the work of 
comparison of the results of the investigations, whether by the 
use of identical methods of notation, or by the systematic and 
uniform indication of all the elements which are met with in each 
series of tests. The first portion of this task has taken the form 
of a complete nomenclature of notation, which will be submitted 
to the Committee before it is embodied in a proposal to be laid 
before the Congress. 

A preliminary work of supreme importance is here in question. 


COMPLEMENT AU RAPPORT DE LA COMMISSION DU BETON ARME. 
OOOO BEILAGE ZUM BERICHT DER EISENBETON-KOMMISSION. Oooo 
APPENDIX TO THE REPORT OF THE REINFORCED CONCRETECOMMITTEE. 
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WISSENSCHAFTLICHE VERSUCHE UND VERSUCHE 
ZUR KONTROLLE DER BAUAUSFUHRUNG AUF DEM 
GEBIETE DES EISENBETONBAUES IN DEUTSCHLAND. 


Mitgeteilt vom Deutschen Ausschufi fir Eisenbeton, Berlin. 


Mit der Entwicklung des Eisenbetonbaues in Deutschland lief 
die Ausfuhrung einer grofen Anzahl von Versuchen Hand in Hand, 
an denen die verschiedensten, auf dem Gebiete des Eisenbetonbaues 
arbeitenden Firmen und Forscher beteiligt waren. 


Einer besonderen Forderung hatte sich die Versuchstatigkeit 
zu erfreuen durch den vom Kuratorium der Jubilaumsstiftung der 
Deutschen Industrie im Jahre 1903 ins Leben gerufenen Ausschuf, 
dem es obliegen sollte, die wissenschaftliche Forschung auf dem 
Gebiete des Eisenbetonbaues in systematischer Weise aufzunehmen 
und zwar unter Wurdigung der bis dahin auf diesem Gebiete durch- 
gefuhrten Versuche, sowie unter Berucksichtigung der Bedurfnisse 
der ausfuhrenden Technik. 


Ferner wirkten anregend auf die Durchfuhrung von Versuchen 
der Erla8 der preuSischen vorlaufigen ,.Bestimmungen fur die Aus- 
fuhrung von Konstruktionen aus Eisenbeton bei Hochbauten vom 
16. April 1904“, sowie das Erscheinen der vom Verbande Deutscher 
Architekten- und Ingenieur-Vereine und dem Deutschen Betonverein 
im Jahre 1904 aufgestellten ,Vorlaufigen Leitsatze fur die Vor- 
bereitung, Ausfuhrung und Prufung von Eisenbetonbauten“. 

Einen Mittelpunkt aller dieser Bestrebungen bietet der im 
Jahre 1907 vom preufischen Minister der Offentlichen Arbeiten 
berufene Deutsche Ausschu8 flr Eisenbeton, welcher Vertreter 
des Deutschen Reiches und aller gréferen=deutschen Staaten, die 
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Vorsteher der sémtlichen deutschen technischen Versuchsanstalten, 
Abgesandte des Verbandes deutscher Architekten- und Ingenieur- 
Vereine, des Deutschen Betonvereines, des Vereines deutscher 
Portlandzement-Fabrikanten, des Vereines deutscher Ingenieure, des 
Vereines deutscher Eisenhtttenleute und andere auf dem Gebiete 
des Eisenbetons erfahrene Manner vereinigt, um die vielen noch 
offenen Fragen einer Losung entgegenzufuhren. Dieser Ausschufi 
beschaftigt sich zur Zeit mit der Planung und Durchfuhrung von 
Versuchen auf Grund nachfolgender drei Arbeitsplane. 


Arbeitsplan I. 


Der Arbeitsplan I bezweckt die Erforschung der Eigenschaften 
des Betons, er umfaBt die Versuche mit reinen Betonkorpern. 


Die Versuche sind zerlegt in Druckversuche, Biegeversuche, 
Zugversuche, Drehversuche und Scherversuche. Bei den Druck- 
versuchen sind Nebenreihen vorgesehen zur Ermittlung der gesamten 
und der bleibenden Formanderungen, bei den Biegeversuchen 
Nebenreihen mit verschiedenen Abmessungen der Versuchskorper, 
bei den Zugversuchen Nebenreihen mit wechselnder Zug- und 
Druckbeanspruchung der Versuchskorper. 


Zur Verwendung gelangen in zwei verschiedenen Mischungs- 
verhaltnissen hauptsachlich zwei charakteristisch von einander ver- 
schiedene Sand- und Kiesmaterialien. Die Druckversuche werden 
mit zweierlei Zementen und mit zweierlei Wasserzusatzen durch- 
gefuhrt. Hierzu kommen Zusammensetzungen von Sanden mit 
Steinschlag, von Quetschsanden mit Steinschlag und von Schlacken- 
sanden mit Steinschlag. 

Die Kérper werden teils in zwei, teils in drei, teils in ftinf 
Altersklassen gepruft und zwar nach 28 Tagen, 90 Tagen, 1 und 2 
sowie xX Jahren. 


Arbeitsplan I. 


Der Arbeitsplan II behandelt die Beobachtung des Verhaltens 
von Eisen im Mauerwerk. 
Durch die Versuche soll ermittelt werden: 


1. ob Eisen in verschiedenartigem Mauerwerk mehr oder 
Oo 
weniger dem Rostangriff ausgesetzt oder davor geschutzt ist; 
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2. welche Haftfestigkeit zwischen dem MOrtel und der Ober- 
flache des Eisens eintritt; 

8. ob und welchen Einflu8 eine verschiedenartige Oberflachen- 
beschaffenheit des. Eisens, Anstrich, Rostdecke, Verzinkung usw. 
auf die genannten Eigenschaften ausiibt, ob die grd®ere oder 
geringere Entfernung der Eiseneinlage zur Aufienflache des Versuchs- 
korpers von Einflu8 ist und ob chemische Neem elabels ioe zwischen 
Mortel und Eisen anzunehmen sind. 

Zur Klarung dieser Fragen sind drei prupRSD von Versuchen 
vorgesehen: 

a) Versuche auf Haftfestigkeit und Rosten an Kérpern aus 
Ziegelmauerwerk und aus Bruchsteinmauerwerk, das Mauerwerk 
mit verschiedenen Morteln hergestellt, Lagerung in der Luft. 

b) Versuche aut osten und chemisches Verhalten an kleinen 
Mortelkorpern. 

c) Versuche auf Dauer und Rostangriff, eventuell auf Haft- 
festigkeit mit Eisenstaben in Mauerkorpern von verschiedenem 
Mortel’ bei Lagerung in der Luft und in verschiedenen WaAssern. 


Arbeitsplan III. 


Da der Arbeitsplan II] fur den Eisenbetonausschuf des Inter- 
nationalen Verbandes ftir die Materialprufungen der Technik von 
besonderem Interesse ist, wird er im folgenden ausfuhrlicher mit- 
geteilt. 


Ubersicht iiber den vorlaufigen Arbeitsplan III Hisen- 
betonversuche. 


I. Allgemeine Versuche. 
A. Versuche tiber den Gleitwiderstand und Rostschutz. 


a) Vorversuche. 
1. Einflu8 des Wasserzusatzes, Einflu8 verschiedener 
Sande und Zuschlage, Einfluf®B des Mischungsverhaltnisses. 
29. Einflu® der Oberflachenbeschaffenheit des Eisens. 
Zug- und Biegungsversuche mit Rundeisen von verschiedenem 
Querschnitt, blank, Handelseisen mit Walzhaut ohne Rost, von 
losem Rost gereinigtes Eisen, rostiges Eisen, eingeschlemmtes Eisen. 


Eien 
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Zug- und Biegungsversuche mit Handelseisen, und zwar mit 
Rundeisen, Winkeleisen, Flacheisen und Profileisen von gleicher 
Haftflache. 

Zug- und Biegungvsersuche mit gewohnlichem Rundeisen, 
Kanteneisen, eingekerbtem Eisen, schraubenformig gedrehtem 
Eisen usw. 


8. Einflu8 ungentigender Umhullung der Eisen mit 
Betonmortel. 

Zugversuche mit Eisen nahe dem Rande und in der Mitte 
der Betonkorper. 

Biegungsversuche mit Eisen ganz nahe dem unteren Rande 
der Betonkérper und mit Eisen, deren gegenseitiger Abstand sehr 
gering ist. 

4. Einflu8 der Erhartung an der Luft, im Wasser, bei 
Frost, sowie unter dem Einfluf von Feuer und heifem 
Dampf. ) 


5. Einflu8 von Erschtitterungen w&hrend der Her- 
stellung und des Abbindens der Betonkorper auf den 
Gleitwiderstand. 


6. Einflu8 verschiedener Belastungsvorgange bei Zug 
und Biegung. 

Allmahliche Steigerung der Last. 

Wiederholte Belastung. 

StoBweise Belastung. 

Als Dauerversuch: 


<. Versuche uber den.Rostschutz bei ganzen Kom 
struktionsteilen. 


Mit rostigem und reinem Eisen bewehrte Betonplatten sollen 
unter ungunstigen Verhaltnissen aufbewahrt und spater belastet 
werden. 


b) Hauptversuche. 
1, Versuche. zur Ermittlung der Gro8e des Gleit 
widerstandes beim Herausziehen der Eisen aus dem Beton. 
2. Versuche zur Ermittlung der GrodBe des Gleit- 
widerstandes bei Biegung. 


Versuche an Platten und Plattenbalken. 


ee as face 
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B. Versuche tiber die Dehnungsfahigkeit des bewehrten Betons. 


Versuche an rechteckigen Balken und an Plattenbalken. 

Untersuchung der Nebenspannungen. 

Verschiedene Bewehrungsprozente bei verschiedener Aufteilung 
des Eisenquerschnitts, verschiedene Mischungen und Wasserzusatze. 

Erhartung an der Luft und im Wasser, einseitige und allseitige 
Wa4rmebestrahlung. 

Verschiedene Belastungszustande. 

Vergleich mit unbewehrtem Beton. 

Prufung der durch die Vorschriften gegebenen Sicherheit gegen 
Zugrisse im Beton. 


C. Versuche iiber die richtige Bewehrung gegen Schubkrafte. 


Versuche an rechteckigen Balken und an Plattenbalken mit 
verschiedener Anordnung der Hauptbewehrung und der Bugel. 


D. Versuche iiber den Einflu8 der StofSverbindungen im Eisen 
bei Zug, Biegung und Druck. 


Versuche mit folgenden StoSanordnungen: 

. Einfaches Ubergreifen der Eisen. 

. Ubergreifen der Eisen, die Enden sind mit Haken versehen. 
Wie vor, jedoch mit Draht umwickelt. 

. Direkter Haken. 

Sto8 durch Lascheneisen. 

. Direkter stumpfer Stof. 

. Sto8 durch Schweifung. 
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Il. Besondere Versuche mit einzelnen Konstruktionsteilen. 


A. Versuche mit Balken und Platten. 


1. Balken (Platte), rechteckiger Querschnitt, einfache 
Bewehrung, an zwei Seiten aufliegend.., 

Prufung der Berechnungsmethode. 

Bei der Auflagerung soll unterschieden werden: 

Volistandig freie Auflagerung, 

freie, seitlich geschlossene Auflagerung, 

teilweise und volle Einspannung, 

Zusammenwirken von Balken und Auflager als Ranier 
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2. Platte,” réchteckiger® Querschnitt) »doppeite: sims 
wehrung, an zwei Seiten frei aufliegend. nt 


3. Platte, quadratisch und recohteckig; an allen vier 
Seiten frei aufliegend. 

Feststellung einer Berechnungsmethode. 

Berechnung parallel zu den Seiten und Bewehrung i in Richtung 
der Diagonale. 


4>°Platte, an-tallen’ vier-Seiven teilweise und voll 
eingespannt. 


Perch ocienue Platte Uber drei Stutzem: 

a) Feste Sttitzen, gleiche Feldweiten, frei drehbare Auflager. 

b) Elastische Stutzen, gleiche Feldweiten, frei drehbare 
Auflager. 

c) Feste Sttitzen, gleiche Feldweiten, Auflager nicht frei 
drehbar, teilweise eingespannt. 

d) Durchgehende Platte uber frei aufliegenden Rippen aus 
Eisenbeton. 

e) Durchgehende??Platte Gubergire: autiegeeen al Traber 
unter gewisser Anspannung der Oberflanschen der Trager. — 


6. Durchgehende Platte uber 3. Stutzén, aber) mates 
pleicher Felderteilung..; ~ 


B. Versuche mit Plattenbalken. 


1. Versuche mit einfachen Plattenbalken. 

a) Versuche uber den Einflu8 der Deckplattenbreite, Aufschluf 
uber die Mitwirkung der Platte als Druckgurt, Prufung der zur Zeit 
- angewandten Berechnungsmethode. 

b) Feststellung des Einflusses aus dem Verhaltnis der Deck- 
plattenstarke zur Deckplattenbreite und zur Rippenhdhe auf die 
Mitwirkung der Platte als Druckgurt. 

- c) Feststellung des Einflusses der doppelten Beanspruchung 
der Platte in zwei senkrecht zueinander stehenden Richtungen auf die 
Biegungsfestigkeit der Platte. Vergleich mit einfach been 
Platten. : 

d) Versuche mit Randtraégern, sonst wie bei a. 

e) Versuche an Plattenbalken mit obenliegenden Rippen zur 
Ermittlung des Wertes einer Druckbewehrung. an der - Oberseite 
der Tragerrippen. © 
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2. Versuche mit Randtragern und Gurttragern. 

Anordnung derart, dai sich die Druckspannungen in der 
Deckenplatte addieren. Ausdehnung des Versuches auf die Kassetten- 
decke. 

3. Versuche mit durchgehenden Plattendecken, 

Drei feste Stutzen, gleiche Feldweiten, frei drehbare Auflager, 
Plattenbalken mit und ohne Voute. Plattenbalken mit Bewehrung 
nach verschiedenen Gesichtspunkten. 


ie 


C. Versuche mit Sdulen. 
1. Vorversuche uber den Wert der verschiedenen Bigel- 
bewehrung. 
2. Vorversuche uber die Wirkung der Aufteilung des Eisen- 
querschnittes der Bugelbewehrung. 
3. Vorversuche uber den Einflu8 der Bugelstarken. 
4. Hauptversuche: 
a) mit Bewehrung durch Bugel, 
b) mit Bewehrung durch Spiralen und Ringe, 
c) mit Bugelbewehrung ohne Langsbewehrung, 
d) Versuche zur Festsetzung der Knickfestigkeit. 
Es sind ferner vorgesehen: 
Versuche uber Feuersicherheit, 
Versuche uber das Verhalten von Eisenbeton gegentiber 
Elektrizitat. 


Bemerkung: Naheres uber die bis jetzt auf dem Gebiete des 
Eisenbetonbaues bereits durchgefiihrten und verdffentlichten Ver- 
suche sowie uber die zur Zeit abgeschlossenen, aber noch nicht 
der Offentlichkeit tibergebenen Versuche findet sich in einem Ver- 
zeichnisse, welches auf dem Kongref8 gesondert tiberreicht werden soll. 


Versuche zur Uberwachung der Bauausfiihrung. 

Zur Uberwachung der Ausftihrung von Eisenbetonbauten sind 
in Deutschland bisher Versuche mit reinen Betonwiirfeln tblich. 

Durch die zur Zeit fur Eisenbetonbauten in Geltung befindlichen 
Vorschriften wird bestimmt, da die Whuirfel 30 cm Seitenlaénge 
besitzen mussen. 
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Die im Jahre 1908 vom Deutschen Ausschuf fur Eisenbeton 
aufgestellten , Bestimmungen ftir Druckversuche bei der Ausfuhrung 
von Bauten aus Stampfbeton“ enthalten als Fufinote die Bemerkung, 
daB® diese Bestimmungen fiir Probekorper aus Stampfbeton — 
sinngemaé8 angewandt — bis auf weiteres auch Geltung beanspruchen 
konnen ftir die Anfertigung und Prifung von Probekorpern bei der 
Ausfiuhrung von Eisenbetonbauten. 

Genauere Vorschriften fiir die Anfertigung der Versuchskorper 
bei der Ausfiihrung von Eisenbetonbauten gibt es zur Zeit noch 
nicht. Der Schaffung solcher genauerer Vorschriften wird demnachst 
nahergetreten werden. 


COMPLEMENT AU RAPPORT DE LA COMMISSION DU BETON ARME. 
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EXPERIENCES ET ESSAIS DE CONTROLE SUR LE 
BETON ARME EN ITALIE 


Rapport de M. J. Benetti a Bologne. 


Les études expérimentales sur la résistance des matériaux ont 
pris en Europe et en Amérique dans les derniéres années un essor 
nouveau, en vue d’atteindre une amelioration sérieuse et permanente 
dans les procédés constructifs. A cété des Ecoles pour les ingénieurs 
et des bureaux techniques des grandes administrations et des 
grandes usines, peu a peu se sont formés, presque partout, des 
laboratoires destinés a reconnaitre les propriétés et les coefficients 
de résistance des matériaux employés couramment dans les construc- 
tions. L’Italie a suivi ce mouvement: une Association nationale pour 
étude des matériaux a été constituée dans notre pays, elle a su 
se faire valoir aupres du Gouvernement, de sorte que, en peu 
d’années, on est arrivé a établir des prescriptions officielles sur les 
qualités que les matériaux de construction doivent présenter, et a 
Organiser un service de controle et d’essai pour les travaux de 
Etat. Les administrations publiques ou privées qui le désirent, 
peuvent en profiter pourvu qu’elles se soumettent au payement d’une 
faible redevance, fixée par un tarif officiel. L’Italie a été partagée 
en régions desservies chacune par un laboratoire experimental 
d’essai. L’Administration des chemins de fer de |’Etat a installé a 
Rome un Institut central d’essai pour les matériaux et pour les 
travaux qui l’intéressent directement. Le service d’essai et controle 
pour les travaux courants, publics et privés, est fait par les labora- 
toires expérimentaux annexés aux Ecoles des ingénieurs de Palerme, 
de Naples, de Rome, de Bologne, de Padoue, de Milan et de 
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Turin, a l’Ecole navale de Génes et a l'Institut technique de 
Florence. }) 

Tous ces laboratoires ont été créés, ou considérablement 
augmentés, dans un délai relativement assez court, en vue des 
expériences techniques, mentionnées dans les prescriptions officielles, 
et que maintenant ils exécutent couramment. Plusieurs d’entre eux 
cependant sont aussi pourvus, d’une maniére plus ou moins complete, 
des moyens nécessaires pour entreprendre des experiences de nature 
scientifique. Des recherches intéressantes ont été faites sur les 
pierres naturelles et sur les métaux, mais ici il ne peut étre question 
que des études concernant le béton armé, et incidemment de celles 
qui se rapportent aux agglomérants hydrauliques et aux mortiers. 


A ce point de vue il faut rappeler avant tout les travaux 
trés importants de l'Institut expérimental des Chemins de fer de 
l’Etat, qui ont parus presque seulement sous forme de cahiers de 
charge dans les publications: 

a) Prescrizioni tecniche pei materiali da impiegarsi nei lavori 
delle Ferrovie dello Stato (Tip. G. Civelli, Roma 1908). 

b) Capitolato generale tecnico di appalto delle opere, che si 
eseguiscono dall’ Amministrazione delle Ferrovie dello Stato (Tip. G. 
Civelli, Roma 1906). 

En suite il y a eu les séries d’expériences faites dans tous 
les laboratoires d’essai italiens pour le choix d’un sable normal. 
Le builetin de l’Association italienne?) pour l’étude des materiaux 
contient des renseignements assez intéressants sur plusieurs recherches 
ayant caractére scientifique, entre autres; le mémoire sur la Granulo- 
métrie de M. G. Salemi, Pace; les expériences de M. M. Greco 
de Palerme sur la résistance des mortiers et des betons a lJeffort 
tranchant; et celles faites a Bologne par MM. S. Canevazzi et 
A. Landini d’abord sur l’influence que le fagonnage des echantillons 
d’essai a sur les résultats des expériences, et apres pour une etude 
sur l’emploi des mortiers secs et des mortiers plastiques dans les 
essais de laboratoire. 


1) Les directeurs de ces laboratoires sont, dans le méme ordre, M, C. Segre 
(Rome), M. G. Salemi-Pace (Palerme), M. E, Isé (Naples), M. C. Ceradini 
(Rome), M. S. Canevazzi (Bologne), M. V. L. Rossi (Padoue), M. A. Sayno 
Milan), M. C. Guidi (Turin), M. M. Panetti (Génes), M. G, Bellotti (Florence). 

2) On se rapporte aux publications faites par l'Association italienne pour 
l'étude des matériaux, car une analyse détaillée entrainerait trop loin. 


Bee Ott 


IX1b 


Soit que l’attention des experimentateurs italiens ait été attirée 
avec préférence sur les matieres premiéres, soit aussi peut-étre 
souvent a défaut de moyens suffisants, les travaux de recherche 
par rapport au béton armé ont été faits, mais la plupart du 
temps avec des vues industrielles. L’institut experimental des 
Chemins de fer de l’Etat a fait plusieurs recherches intéressantes; 
entre autres sur les pieux en béton armé pour pilotis. A Bologne 
on a fait une étude comparative entre les dalles armées avec 
barrettes et celles contenant du métal déployé, et a Genes, M. 
Panetti!) s’est livré a une analyse tres intéressante et tres remar- 
quable sur la résistance des cylindres et des reservoirs. 

M. L. V. Rossi a fait a Padoue des essais sur le béton armé 
et sur les conditions de résistance des constructions resultantes de 
la combinaison du métal avec le béton de ciment Portland. Le 
Génie militaire s’est occupé aussi d’une maniere tres-suivie du beton 
armé: les travaux du Général Caveglia et du Colonel Marzocchi 
sont trés connus et appréciés. Une série cependant methodique 
d’expériences et de recherches sur les propriétés du beton arme 
nia été faite qu’a Turin, oud M. C. Guidi, professeur a |’Ecole 
polytechnique essaye le béton armé depuis l’année 1900. 

D’abord il a tait connaitre les résultats des essais, qu’il a fait 
sur l’adhérence du fer au béton; sur lélasticité et la résistance 
a la traction, a la compression, a la flexion; signalant l’action de 
frettage produite par l’armature dans les piéces comprimées.”) 
En 1901 M. Guidi rend compte d’autres essais du méme genre 


1) Panetti, Una esperienza comparativa sulle travi in béton armé Hennebique 
(Ingegneria civile, Torino 1902). 

Misura dell freccia di incurvamento come mezzo di collaudo delle costruzioni 
in cemento armato (Ingegneria civile, Torino 1903). 

Studio statico dei serbatoi cilindrici in cemento armato (Genio Civile, 
Roma 1906). 

Notizie sul laboratorio della R. Scuola Navale (Genova 1908). 

2) Guidi. Esperienze sull’ elasticita e resistenza dei conglomerati di 
cemento semplici ed armati. Due memorie, Atti della R. Accademia delle Scienze 
di Torino 1900—1901. 

Risultati sperimentali sui conglomerati semplici ed armati. Atti della Societa 
degli ingegneri e degli architetti di Torino 1905 e 1906. 

Sull’ unione dei ferri nelle costruzioni in beton armato. Atti della Societa 
degli ingegneri ed architetti di Torino 1906. 

Esperienza sull’ elasticita e resistenza a compressione di una colonna in 
béton fretté. 
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sur les bétons de dosage différent et apres en 1905—1906 il 
s’occupa de 300 essais, faits a la demande de la Commission du 
béton armé nommee par la Société des Ingénieurs de Turin. II s’agit 
d’essais de laboratoire, aussi bien que d’essais sur piliers et sur 
poutres de grandes dimensions. Dans ce travail on considére l’action 
de la gelée sur le béton; Ilinfluence du frettage, de la résistance 
au cisaillement, de l’'adhérence et des efforts engendrés dans le fer 
pendant le durcissement du béton. En 1906 M. Guidi a publié une 
etude comparative sur la resistance des différents systémes d’union 
des fers dans le béton armé, dont il avait été question au Congrés 
de Bologne en 1903; soudures ordinaires, soudures oxyacétyléniques; 
assemblages par manchons en écrous; assemblages par adhérence 
(superposition ou doublure des fers sur une longueur de 80 diamétres), 
Maintenant il a mis en train des essais sur des grandes poutres 
armees avec fers américains. Toutes ces expériences sont tres- 
appreciees et ont beaucoup profité a la Commission italienne du 
béton armé. 

Au commencement de l’emploi du béton armé, les essais de 
contréle courant pour les constructions faites avec ce matérial 
n’éetaient pas uniformes en Italie. Ordinairement les travaux étaient 
executés par des maisons spécialistes et on les recevait apres 
un essai de chargement sans fissuration, souvent avec un poids 
egal a une fois et demie la charge prévue, avec la condition que 
la fleche de flexion ne dépassat pas le milliéme de la portée. 
Cette pratique, par trop empirique, a été l’objet de discussion au 
sein de l’Association italienne pour l'étude des matériaux, qui a 
fini avec la présentation d’un module de prescriptions pour les 
constructions en béton arme, approuvé au Congres de Pérouse 
(1906). Ces prescriptions ont été acceptées en) (Suite =pamuuas 
Gouvernement italien, et sont devenues officielles apres Ilarret 
ministériel du 10 janvier 1907. Dés cette époque les administrations 
publiques et privées tendent a uniformer leurs cahiers de charges 
aux regles établies par l’Etat, et l’on a raison de croire que bientot 
celles-ci seront toujours suivies dans tous les travaux. 


Les prescriptions officielles italiennes pour les ouvrages en 
beton armé ne different pas beaucoup de celles en usage dans les 
autres pays, et on peut en prendre connaissance par le journal 
,Le ciment“ qui les reproduit dans les numéros 9 et 10 (septembre 
et octobre) de l’année 1906. Ces prescriptions demandent d’abord 
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un projet complet de l’ouvrage a batir avec calcul de resistance 
fait sur la base de la théorie limite supérieure’), c’est-a-dire en 
acceptant: 

a) le principe de la conservation des sections planes; 

b) la proportionnalité des efforts interieurs a la distance que 
chaque élément de la surface résistante a de l’axe de rotation de 
la section, dans I’hypothése que le métal résiste aussi bien a la 
traction qu’a la compression, que le béton reésiste uniquement 
aux efforts de compression, et que le rapport m entre les deux 
modules d’élasticité soit constant et égal a dix (m=10). Dans le 
cas de la tension ou compression simple, l’axe de rotation tombe 
a distance infinie; c’est-a-dire l’effort résistant est uniformement 
distribué dans la section effectivement resistante. 

Ensuite les prescriptions officielles imposent un controle tres 
exact des qualités des matériaux employés et des soins de mise 
en ceuvre avec essais dans un laboratoire expérimental officiel. 
Finalement, avant que Ja construction achevée soit recue, elle doit 
étre soumise a un essai de chargement, sans fissurations et sans 
que la fléche ou déformation théorique soit depassee. 

La charge maximum par cm? admise pour le béton est 
un cinquiéme de la charge de rupture par compression, controlee 
sur cubes de 12 cm de cdté, agés de 28 jours. 


1) Canevazzi. Siderocemento, (Atti del Collegio degli ingegneri e degli 
architetti di Bologna 1901—1902). 
Ferrocemento (Societa Editrice successore A. F. Negro, Torino 1904). 
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EISENBETONVERSUCHE IN DANEMARK. 


Mitgeteilt von Prof. E. Suenson in Kopenhagen. 


Von Versuchen, welche Bedeutung fur die Eisenbetonbauweise 
gehabt haben, sind die vom Ingenieurkapitan Grut ausgefthrten 
zu nennen. Er hat zuerst Zugelastizitatsversuche mit Beton gemacht 
und den Elastizitatsmodul bestimmt (,,Ingenioren* 1896, Seite 39 ff., 
Kurz referiert in ,Beton und Eisen“ 1906, Seite 138), und spater 
hat er sehr interessante Untersuchungen uber das Warmeleitungs- 
vermogen des Betons angestellt (,,Den tekniske Forenings Tidsskrift“ 
1903, Seite 206). Die letzteren Versuche wurden mit zwei Hohlzylindern 
Beem cromevon 1C rt 17 /."5 +17, Kies und 1C + 2'S++ 3 Kies ge- 
macht. Der innere Durchmesser war 14 cm, der auf ere 34 cm, 
die Hohe 51 cm. Der innere Hohlraum wurde mittels eines elektri- 
schen Stromes bis zu 1000° erhitzt, und die Temperaturerhéhung 
in 1, 2, 3, 5, 7 und 9 cm Abstand von der Innenseite des 
Korpers wurde alle halbe Stunde mittels Le Chateliers Platin- 
Rhodium-Pyrometer beobachtet. Nach 7 bis 8 Stunden wurde der 
Gleichgewichtzustand erreicht, namlich: 


im Abstand 0 A ey, UE aed 18 By aratG 2 cm 
Temperatur 1004 834 679 600 449 848 264° C. 

Die Zahlen sind Mittelwerte aus beiden Zylindern. 

Wenn bei einer Feuersbrunst eine Platte von unten erwadrmt 
wird, steht das Eisen ungefaéhr unter denselben Bedingungen wie 
dasjenige Pyrometer, welches in 2 cm Abstand von der Innenseite 
des Hohlraumes entfernt war. Die Temperatur in diesem Punkte 
war im Mittel nach: 

fe ee ae saan ( OtUnden 
259 424 537 601 637 659 675° C. 
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Die Betonkorper waren 3 Monate alt, aber der eine wurde 
vor dem Versuche bis zu 1000° im Innenraume erwarmt und 
wieder abgekuhlt. Dadurch wurde das Wasser ausgetrieben und 
das Leitungsvermogen gesteigert, und dieser Korper war daher 
bei den Temperaturmessungen, aus welchen die obenstehenden 
Mittelzahlen gebildet sind, immer ungefahr eine Stunde vor dem 
anderen voraus. 

Zugleich wurden Betonwurfel auf verschieden hohe Tempe- 
raturen erwarmt und nach Abkuhlung zerdruckt; sie waren 
217, bis 8 Monate alt (8 Tage im Wasser, sonst in der Luft). 
Die Ergebnisse sind: 

Anzahl der Wurfel: 5 i) D 9) 2 2 2 3 


Erwarmt zu: —tameramr 100 150 200 300 500 700 1000°C. 
Druckfestigkeit: 373°9 370°1 425-3 424-2 379-2 3046 171°3 47:1 at. 


Der Berichterstatter hat einige vergleichende Adhasionsversuche 
mit Johnsons Knoteneisen (Bruchfestigkeit 6183 at, FlieSigrenze 
4215 at) und Rundeisen (Bruchfestigkeit 3998 at, FlieSgrenze 2820 at) 
vorgenommen (,Ingenioren“ 1908, Seite 127), aus welchen er 
schlieBt, da8 man, wenn die eingegossene Lange des FEisens 
genugend ist, die Knoteneisen bis zur Bruchgrenze belasten kann, 
wahrend man mit den Rundeisen niemals uber die Flieigrenze 
kommen kann (Eisen ohne Haken vorausgesetzt). 

Platten mit 0°2—0-°7°/, Armatur zeigten eine um 36—40®/) 
hohere Bruchlast, wenn sie mit Knoteneisen armiert waren, statt mit 
Rundeisen, aber die RiSbildung trat bei derselben Belastung ein. 

Fur die laufende Kontrolle der Eisenbetonbauten werden am 
meisten kleine Balken verwendet. Die Lange ist 200 cm, die Hohe 
6 cm, die Breite 9 cm und die Armierung 2 Stuck 7 mm Rundeisen 
mit Haken versehen und so eingelegt, daf§’ der Abstand von der 
Unterseite des Balkens bis zur Mitte der Eisen 1’cm bDéirage 
Wenn die Balken 28 Tage alt sind, werden sie mit 1:8 m Spann- 
weite in der Mitte belastet und die Bruchlast P soll dann wenigstens 
4-Do, betragen, wenn op diejenige zulassige Betondruckspannung 
ist, mit welcher der Unternehmer bei der Dimensionierung des 
Bauwerkes gerechnet hat. 
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VERSUCHE MIT EISENBETON-KONSTRUKTIONEN 
IN HOLLAND. 


Mitgeteilt von S. J. Rutgers in Rotterdam, 


I. Versuche auf Durchbiegung. 


A. Versuche mit statisch unbestimmten Konstruktions- 
teilen. 


1. Prifung von 21 Bogen des Eisenbahnviaduktes aus Eisen- 
beton in Rotterdam mit Spannweiten von 7°5 bis 20 m und von 
vier Bogenbrticken Uber die Eisenbahn Maastricht-Aachen in Limburg 
mit Spannungen von 20 m. Die gemessenen Durchbiegungen 
wurden mit den berechneten verglichen. (Vgl. ,De Ingenieur® Nr. 25 
und 45 von 1907 und Nr. 23 von 1908.) 


2. Prifung einer Laufbriicke uber die ,Lusthofstraat“ in 
Rotterdam mit einer Spannweite von 29 m. AuSer Durchbiegungen 
wurden auch Formdnderungen gemessen mittelst acht Spannungs- 
messern, System Manet-Rabut. (Siehe ,,.De Ingenieur“ Nr. 6, 1902.) 


8. Priifung von zwei zu diesem Zwecke eigens hergestellten 
Konstruktionselementen der Brticke tiber den ,,Hoogen Boezem* 
in Rotterdam mit einer Spannweite von 6:55 m. Auer Durch- 
biegungen wurden auch Formanderungen gemessen mittelst sechs 
Spannungsmessern, System Schroeder van der Kolk. 


4. Behufs des Kasernenbaues in Ede wurde eine von der 
Firma F.'J. Stulemeyer hergestellte Platte erprobt, welche auf vier 
Sttitzen mit Zwischenraumen von 3°31 m Mitte bis Mitte aufgelegt 
war. Die Platte war 1 m breit, 0:1 m dick und armiert mit 10 Staben 
von 10 mm. Die Durchbiegungen wurden gemessen und die Probe 
bis zum Bruche durchgefuhrt. 
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B. Versuche mit flachen Platten und Balken rechteckigen 
Querschnittes. 


1. Zu den Aaltesten Versuchen gehoren die von Herrn Tutein 
Nolthenius seit 1894 angestellten. Es wurden von ihm Serien von 
Platten geprtift, und zwar: Serie a: 13 Platten, 2 m lang, 0°40 m 
breit, 0°05 m dick, mit einer Tragweite von 1°90 m. Serie b: 
15 Platten, 0°82 m lang, 0°47 m breit, 0°03 m dick, mit einer 
Tragweite von 0°68 m. Serie c: 10 Platten, 2°10 m lang, 0-40 m 
breit, 0°05 m dick, mit einer Tragweite von 2 m. Die Belastung 
erfolgte mittelst zweier konzentrierten, symmetrisch zur Mitte an- 
gebrachten Lasten. Der Lastenabstand betrug fur Serien a und c 
25 cm, fiir Serie b 17 cm. Die Armierung war verschieden, sowohl 
in Lange, als in Breiterichtung, ebenso die Beschaffenheit des 
Betons und die Dauer der Erhartung. Serie c war mit doppelter 
Armierung versehen. Die Platten wurden bis zum Bruch belastet, 
wahrend die Durchbiegungen gemessen wurden. (Siehe ,,Zeitschr. 
des Osterr. Ingenieur- und Architektenvereins“, 1896/97.) 


Von Herrn L. A. Sanders wurden seit 1896 eine Reihe von 
Versuchen angestellt, und zwar: 

2. Etwa 40 Biegeproben mit Balken von 2 m Tragweite und 
Dimensionen von 10 X 15:2 c. M. bis 10 XK 19 c. M. Die Armierung 
wechselte zwischen 11/,°/, und 21/,°/). Von jeder Gattung wurden 
acht Sttick gepruift mit verschiedener Beschaffenheit des Betons und 
verschiedener Dauer der Erhartung. Die Belastung erfolgte in der 
Mitte und wurde bis zum Bruch durchgefuhrt. 


3. Fur die auf Rechnung der Militarverwaltung ausgefuhrten 
Bauten wurden zwei Platten erprobt: eine zu Gorinchem mit einer 
Tragweite von 4:20 m, einer Breite von 0°80 m, einer Dicke von 
0°12 m und 1'/,°/,iger Armierung und eine in Amsterdam mit einer 
Tragweite von 3875 m, einer Breite von 1 m, einer Dicke von 
014 m und 11/,°/,iger Armierung. Fur beide Platten war die 
Dosierung des Betons 1:2: 2 in Volumeneinheiten. Der Bruch 
trat in der Mitte auf. 

4. Zur Beobachtung des Einflusses von Buigeln wurden zwei 
Platten gepruft mit folgenden Dimensionen: Tragweite 10 m, Breite 
0-50 m, Dicke 0°34 m, Armierung 10 Stébe von 18 mm Durch- 
messer. Die Platte mit Bugeln trug eine 10°/, hohere Belastung, 
als die ohne Bugel. 
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5. Bei einer Prifung von zwei Platten, breit 1 m, mit 0°46 m 
Sttitzweite und einer Dicke, abwechselnd von 6 cm nahe an den 
Sttitzen bis 9 cm in der Mitte, wurde ein holzerner Klotz von 
10 X 10 cm Grundflache durch die Probeplatte bei einer Belastung 
von 4950 kg hindurchgedruckt, nachdem Zuerst Risse parallel zur 
Richtung der Stutzweite aufgetreten waren. 

6. Eine Platte mit einer Stutzweite von 5°94 m, einer Breite 
von 1:20 m und einer Dicke von 25 cm, armiert mit 10 Staben 
von 16 mm, wurde gleichmafiig belastet, wobei die Durchbiegungen 
gemessen wurden. Bei einer Belastung von etwas uber 2000 kg 
trat der Bruch ein. 

7. Fiir einen Bau der Militarverwaltung zu Zuidwykermeer 
wurden drei Platten mit doppelter Armierung versucht. Die Dimen- 
sionen der Platten waren: Lange 13 m, Breite 1 m, Dicke 0 25 m. 
Die Armierung bestand aus 16 Staében von 16 mm Durchmesser 
sowohl an der oberen als an der unteren Seite. Die Stutzen be- 
fanden sich in einer Entfernung von 5 m von Mitte zu Mitte, 
wobei durch Anbringung einer Belastung auf den frei vorragenden 
Enden negative Momente Uber den Stutzen hervorgerufen wurden. 

Die drei Platten waren von denselben Dimensionen und 
gleicher Beschaffenheit, mit der Ausnahme, da® eine dieser Platten 
ohne Bugelarmierung war und die beiden anderen 32, bezw. 
64 Biigel pro m? enthielten. Der Bruch entstand jedesmal Zuerst 
nahe an einer der Sttitzen bei Belastungen, welche sich verhielten 
wie 2:°03:1:07:1. Es stellte sich dabei heraus, daf die Platte 
ohne Bugelarmierung die grote und die mit 64 Bugeln die kleinste 
Bruchlast aufwies. (Fur alle diese Versuche vgl. , Het Cement-Yzer 
in theorie en practyk“ von L. A. Sanders, S. 251 bis 319; siehe 
auch die Bemerkungen von Dr. F. v. Emperger in ,,Beton und 
Eisen“ 1903, S. 262 und 263.) . 

8. Seitens der ,Hollandischen Eisenbahn-Gesellschaft* wurde, 
fiir einen Tunnelbau unter dem Rangierbahnhof zu Watergraafs- 
meer, eine Platte erprobt mit einer Spannweite von 6°825 m, 
einer Breite von 1m und einer Dicke von 0°65 m. Die Haupt- 
armierung bestand aus 12 Staében von 30 mm _ Durchmesser, 
wahrend tiberdies, sowohl in horizontaler als in vertikaler Richtung, 
Hilfseisen zur Aufnahme von Schubspannungen angeordnet waren. 
Mittelst zehn Spannungsmesser, System Schroeder van der Kolk, 
wurden die Formanderungen in der Mitte der Spannweite in funf 
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verschiedenen Héhen gemessen, Die Platte wurde bis zum Bruch 
belastet, w&hrend die Durchbiegungen regelmafiig aufgezeichnet 
wurden. 

Die beobachteten Spannungen wurden mit denen verglichen, 
welche durch Berechnung unter Vernachlassigung der Zugspannungen 
im Beton gefunden wurden, und mit den Spannungen, wie sie 
nach der Methode Sanders berechnet wurden (vgl. ,Beton und 
Eisen“, Heft 11, 12 und 1 von 1906/1907 und ,Het Cement-Yzer 
in theorie en practyk“ von L. A. Sanders, Seite 319-—336)) 8 

9. Von Herrn A. C. C. G. van Hemert wurden Biegeproben 
gemacht mit 4—5 m langen Balken von 12X18 cm. Mittelst vier 
- Spannungsmessern wurden die Formanderungen gemessen, wobei 
auch der Einflu8 wiederholter Belastungen und Entlastungen be- 
obachtet wurde (vgl. ,De Ingenieur“ No. 23, 1904). 


G.. Versuche mits) Balken. 


Von Herrn L. A. Sanders wurden nachfolgende Versuche 
angestellt (vgl. dessen oben erwahntes Werk): 

1. Vergleichende Versuche mit 7 Balken und | Balken. 
Vier Balken, deren Flansche 0°50 m breit, 0°06 m dick und deren 
Korper 0°30 m hoch und 0°20m breit war, mit 4 Staben von 
20 mm armiert, wurden bis zum Bruch belastet, wahrend die 
Durchbiegungen aufgezeichnet wurden. Zwei der Balken wurden 
in ~ Form und zwei in | Form hergestellt und erprobt. 

2. Fur den Kasernenbau zu Gorinchem wurde ein ] Balken 
erprobt, dessen Flansche eine Breite von 1°40 m und eine Dicke 
von 0°08 m, der Korper eine Hohe von 0O'o2 m und eine Breite 
von 0:20 m hatte. Die Stutzweite betrug 7 m. Die Armierung 
bestand aus 5 Staben von 20 mm. Der Balken wurde bis zum 
Bruch belastet, der in der Mitte auftrat, wahrend die Durch- 
biegungen regelmaf®ig registriert wurden. 

3d. Unter Leitung der Militarverwaltung zu Amsterdam wurde 
ein Balken erprobt mit einer Flanschenbreite von 1m, einer Dicke 
-von 0:17 m, 0°33 m Korperhohe und 0°30 m Korperbreite. Der 
Balken war mit 8 Stében von 30 mm armiert und hatte eine 
Spannweite von 4:90 m. Die Durchbiegungen wurden gemessen, 
bis der Bruch 0°85 m von einer der Stutzen entfernt eintrat. 

4. Von Seiten des Stadtbauamtes wurde im Haag ein 
416 m langer Balken mit 1m _ breiter und 010 m_ dicker 
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Flansche und 0°30 m hohem, 0°20 m breitem Korper, armiert mit 
4 Stéaben von 25°4 mm, erprobt. Die Belastung erfolgte mittelst 
zwei konzentrierter Lasten, wahrend die Durchbiegungen an drei 
Stellen regelmaBig aufgezeichnet wurden. Der Bruch trat in der 
Nahe der Lasten ein. 


5. Seitens der Firma van Waning & Co. wurde fur Zwecke der 
,» Lechnischen Hochschule“ in Delft ein Balken erprobt mit 2°08 m 
Flanschenbreite, 0°12 m Flanschendicke, 0°23 m Korperhohe und 
0:20 m Korperbreite; Spannweite 6°25 m, Armierung 8 Stabe von 
25 mm Durchmesser. Die Durchbiegung wurde an futnf Stellen 
gemessen und die Belastung bis zum Bruch durchgefuhrt, der 
nahe bei einer der Stutzen eintrat. 


II. Versuche auf Druck. 


Seitens des Herrn L. A. Sanders wurden 36 Druckproben 
gemacht mit Prismen von 17X17X17 cm und von 17X17X30 cm, 
die nur mit verschiedenen Querarmierungen versehen waren. 
Zweck der Versuche war, den Einflu8 der Querarmierung Zu be- 
obachten, welche wechselte von 0°7°/, bis 4°2°/) vom Volumen 
der Probestiicke (vgl. ,Het Cement-Yzer“, Seite 362—369). 


III. Versuche auf Abscherung. 


Seitens des Herrn L. A. Sanders wurden 12 Versuche an- 
gestellt, wobei runde, mit scharfgangigem Schraubengewinde ver- 
sehene Stabe in Betonwiirfeln von 30X380X12 cm eingebracht waren. 
Die Stabe, die aus den 12 cm dicken Betonprismen. hervorragten, 
wurden durch dieselben hindurchgedrtickt, wobei die dreieckigen 
Zwischenrdume des Gewindes mit Mortel geflillt blieben, so daf 
in der Tat eine Abscherung stattfand. 
| Herr A. C. C. G. van Hemert hat die Grd8e der Schub- 
spannung abgeleitet aus Torsionsproben mit Betonzylindern von 
20 cm Durchmesser und gleicher Hohe. Die Enden der Zylinder 
bildeten Wiirfel von 20*20X20 cm, an denen das Torsionsmoment 
angreifen konnte (vgl. De Ingenieur Nr. 31, 1904). 


IV. Versuche auf Adhdsion. 


Seitens des Herrn L. A. Sanders wurde eine Anzahl Ver- 
suche gemacht, wobei 12 cm lange, in Wurfeln von 10X10X10 cm 
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angebrachte Stabe verschiedenen Durchmessers durch den Beton 
durchgedruckt wurden. 

Herr A. C. C. G. van Hemert leitete die GréBe der Ad- 
hasionsspannung aus Torsionsversuchen ab, wobei ein Stab von 
25mm Durchmesser in der Mitte eines Betonwurfels von 20X20X20cm 
angebracht war, wahrend die herausragenden Enden eingespannt 
und der Wurfel durch ein Torsionsmoment gedreht wurde. Aus 
der Groffe des Torsionsmomentes, bei welchem sich der Wurfel zu 
drehen anfing, wurde von ihm die Adhasionsspannung berechnet. 


V. Versuche beziiglich Ausdehnung und Warmeleitung des Betons. 


Von Herrn A. C. C. G. van Hemert wurden nachfolgende 
Versuche angestellt: 

In einem 3 m langen, 18 cm hohen und 12 cm breiten Beton- 
balken wurden Locher ausgespart, welche bis in die Mitte des 
Balkens reichten. In diese Locher wurde Quecksilber gegossen, in 
welches Thermometer gestellt wurden, worauf die Locher mit 
Mortel in der Weise ausgefullt wurden, da auf allen Seiten ungefahr 
6 cm Beton war. Der Balken wurde in einem dazu eingerichteten 
Gebaude von 10 X 4:25 X 2:90 m aufgestellt, in welchem die 


Temperatur allmahlich erhoht wurde, so da8 die Thermometer von _ 


26° auf 34° Celsius stiegen. Dabei wurde die Langeanderung der 
Balken gemessen. 

Behufs Beobachtung des Leitungsvermogens wurden Balken 
von gleichen Dimensionen durch eine der Wande des obenerwahnten 
Gebdudes gefuhrt. In der Achse der Balken wurden mit Zwischen- 
raumen Thermometer angebracht. AuSerhalb des Gebaéudes wurde 
der Balken durch ein Koksfeuer erhitzt, wahrend die Thermometer 
regelmafig abgelesen wurden (vgl. ,De Ingenieur“, 1904 Nr. 81). 


VI. Versuche tiber Haarrisse. 


Von groBer Wichtigkeit sind diejenigen Versuche, welche 
gemacht wurden, um die Anwesenheit von Haarrissen zu zeigen. 
Dabei wurden Balken einem biegenden Momente ausgesetzt und 
zwar so, daf} die gezogene Seite sich oben befand. Bei der von Herrn 
P. A. M. Hackstroh angewandten Methode wurde dann bei einem 
bestimmten biegenden Momente die obere Seite des Balkens reichlich 
mit einer verdunnten Anilinlosung bestrichen. Nachdem die Anilin- 
losung in den Beton gedrungen war, wurde der Balken entlastet, 
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wobei die Haarrisse, welche dem unbewaffneten Auge durchaus 
unwahrnehmbar waren, sich deutlich zeigten, indem das, Anilin 
nach auBen gepreBt’ wurde. Nach Zerlegung des Balkens konnte 
beobachtet werden,. wie weit die Anilinfarbe in die Risse einge- 
drungen war. es 7 

Diese Methode ist von Herrn A. C. C. G. van Hemert noch 
verbessert worden, der wdahrend der Belastung der Balken auf 
denselben Streifen von mit Wasser verdunnter Anilinfarbe zog, 
welche fortwahrend feucht gehalten wurden. Sobald irgendwo ein 
Ri® entsteht, sieht man die rote Fllissigkeit seitwarts ausflieSen 
und man kann das Moment aufzeichnen, bei dem solches statt- 
findet. Am Ende des Versuchs wird uberdies die ganze obere 
Seite nach’ der Methode des Herrn Hackstroh mit Anilin gesattigt. 
In dieser Weise gestattet schon ein einziger Versuch einen Uber- 
blick zu der Frage, bei welchen Momenten Haarrisse entstehen 
und zu welcher Tiefe dieselben eindringen. 


VII. Versuche tiber den Einfluf8S von Seewasser. 


Unter Leitung des Herrn H. Wortman wurden an der 
Landungsbriicke zu Ymuiden vier Balken aufgehangt. Dieselben 
waren 10 cm hoch‘und 15 cm breit und mit 3 Rundeisen von 10 mm 
armiert. Die Aufhangepunkte befanden sich in einer Entfernung von 
2m, wahrend in der Mitte ein Gewicht angebracht war, welches 
stets unter Wasser blieb und so eine konstante Kraft von 400 kg 
ausubte. Die Balken selber waren bei Ebbe und Flut abwechselnd 
in der Luft und im Wasser. Die Zusammensetzung des Betons war 
400 kg Zement pro m® Beton. Die berechnete Eisenspannung betrug 
gut 1200 kg pro cm? unter Vernachlassigung der Zugspannungen 
im Beton. Nachdem die Balken zwei bzw. drei Jahre in belastetem 
Zustande gehangen hatten, zeigte sich bei der Zerlegung das Eisen, 
von einigen vereinzelten oberflachlichen Rostfleckchen abgesehen, 
vollig rostfrei. Die Zerlegung der beiden altesten Balken geschah 
in Gegenwart des Ausschusses zur Aufstellung von Normen fur 
Eisenbeton in Holland. 


VII. Versuche iiber den Einflu8 von O1 und Teer. 


Von Herrn Wouter Cool wurden Versuche angestellt mit 
Beton-Korpern von 20 X 5 X5 cm, verschiedener Beschaffenheit, 
in welchen Rundeisen angebracht waren, die aus dem Beton hervor- 
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ragten. Nachdem die Korper wahrend ungefahr 2 Jahren in Wasser- 
gas-Ol, resp. Wassergas-Teer aufbewahrt waren, wurde die Kraft 
ermittelt, welche notig war, um die Stabe aus dem Beton heraus- 
zuziehen. Aus Parallelproben mit Betonkorpern, welche in der Luft 
aufbewahrt worden waren, stellte sich heraus, da die Haftfestigkeit 
durch die Einwirkung von Teer und in noch hoherm Mafie durch 
die von Ol vermindert war. 


Versuche zur Kontrolle der Ausfiihrung von Eisenbeton- 
Konstruktionen. 


Bisweilen wird zur Beurteilung einer ausgefuhrten Eisenbeton- 
Konstruktion eine Probebelastung auf einem Teil der vollendeten 
Konstruktion vorgeschrieben. Die Dauer der Erhartung wird dabei 
in der Regel freigelassen. Die GroBe der Probebelastung wird ver- 
schieden vorgeschrieben, ebenso wie die zulassige maximale Durch- 
biegung. So darf z. B. in Rotterdam die Durchbiegung nicht mehr 
betragen als hochstens 1/,,, der Spannweite bei einer Belastung 
von 0°80 X dem Eigengewicht + 1:8 & der Nutzlast. — 

In einigen Fallen werden auSerdem wahrend der. Ausfuhrung 
Druckproben mit dem auf dem Bau benutzten Beton angestellt. 
Die Probeblocke haben in der Regel Dimensionenvon 30 X30 X30 cm. 

Bei wichtigen Konstruktionen kommt es vor, dafi zur Prufung 
besondere Konstruktions-Elemente hergestellt werden, welche so viel 
wie modglich mit den auszufiihrenden Werken statisch tberein- 
stimmen. Diese Probestticke werden dann bis zum Bruch _ belastet, 
wobei das Durchbiegungsdiagramm aufgezeichnet wird. 


COMPLEMENT AU RAPPORT DE LA COMMISSION DU BETON ARME. 
OO00 BEILAGE ZUM BERICHT DER EISENBETON-KOMMISSION. 0000 
APPENDIX TO THE REPORT OF THE REINFORCED CONCRETE COMMITTEE. 
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RECHERCHES EXPERIMENTALES SUR LE BETON 
ARME EN SUISSE. 


Rapport de M. F. Schiile 4 Zurich. 


Jusqu’en 1900 les expériences sur le béton armé sont- dues 
a Vinitiative privée et ont eu pour but d’éclairer le public technique 
en faisant ressortir les avantages de divers systémes. En 1899 la 
Société suisse des ingénieurs et architectes et celle des fabricants 
de ciment instituerent une commission pour l’étude systématique 
et indépendante du béton armé; en 1905 cette commission fut 
transformée et prit un caractére officiel, ses membres étant désignés 
par l’Administration fédérale, |’Association des villes suisses et les 
societés citées plus haut. Le premier but proposé a été la pré- 
paration de prescriptions sur le béton armé, basées sur les essais 
et experience. Les essais jugés nécessaires ont été exécutés au 
Laboratoire fédéral d’essai des matériaux a Zurich et peuvent 4tre 
groupés comme suit: 


1. Essais sur les matériaux isolés. 


a) Fer, Expériences sur la résistance des crochets a l’extrémité 
des barres de fer rond, pliés a froid ou a chaud suivant des 
rayons variables. 


b) Beton. Détermination de ses propriétés mécaniques suivant 
la nature du sable et du gravier. Le sable et le gravier ont été 
fournis par les villes suisses, les essais ont été effectués avec deux 
ciments Portland et trois dosages différents, béton gaché en con- 
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sistance plastique et pilonné sous forme de prismes de 12% 12 X36 cm: 
Les essais ont eu lieu A 28 jours, 3 mois, 1 an et 2. ans, a la 
flexion et a l’écrasement; on a fait en outre des mesures d’elasticite. 


c) Mortier et béton. Détermination des changements de 
longueur pendant le durcissement a l’air ou sous Teau. Les 
éprouvettes en forme de prismes ont été faites: Pour les moitiers 
1. avec 5 liants différents au dosage de 1:0 et 1:3; 2. avec 
9 liants différents au dosage de 1:1, 1:3 et 1:5. Pour les betons 
avec 2 liants differents au fees de 150, 800, 450 kg par m? 
de sable et gravier. 


Deux séries de prismes ont été en outre munies d’armatures. 
Les essais ont été étendus sur une période de 2 ans 


9. Essais de béton armé faits au Laboratoire de Zurich. 


a) La plus grande partie des essais ont été faits sur des 
poutres sollicitées a la flexion; on a observe les charges caracté- 
ristiques correspondant aux diverses phases de fatigue, les charges 
de rupture, l’effet de l’enlevement de la charge, les variations de 
longueur surtout dans la zone comprimée, en vue de fixer d’une 
maniére stre la position de l’axe neutre, la flexion au milieu de 
la poutre. 


La charge a été appliquée de diverses facons: 

I. Charge unique au milieu. } 
Il. Charge agissant en 2 points avec 

Ill. Charge agissant en 7 points répartis sur la longueur. totbel 


IV. Charge dysymétrique agissant en 4 points répartis sur 
une moitié de la longueur. Les poutres étaient soit de section 
rectangulaire, soit de section en T. 


Les armatures étaient formées de barres droites et de barres 
relevées a leurs extrémités, sans et avec étriers. 


En calculant le pourcentage de métal par rapport a la section 
de béton au-dessus de l’axe de l’armature dans les poutres a 
section rectangulaire, et par rapport a la section de la nervure 
prolongée jusqu’en haut, au-dessus de l’axe de l’armature dans 
les parties A section en T, les essais ont porté sur les pourcentages 
suivants: Poutres a section rectangulaire: jusqu’a 4,91°/, de- la 
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section de béton au-dessus du centre des armatures. Poutres a 
section en T: jusqu’a 4°33°/, de la section de béton de la nervure, 
au-dessus du centre d’armature. 


b) L’action d'une charge concentrée sur une plaque 
armée a été déterminée a l’aide d’essais 1. sur des plaques carrées de 
1,00 m d’ouverture libre appuyées soit sur les quatre cétés, soit 
sur deux cotés, pourcentage des armatures 0°77 et 0°43°/, dans 
les deux sens et 1,54 et 0,86°/, dans un sens seulement; 2. sur 
des plaques rectangulaires de 1:00 sur 1:50 m d’ouverture libre, 
appuyées soit sur les quatre cétés, soit sur les deux plus longs 
cotés; pourcentage des armatures: 


0:59°/, en travers et en long 


0 : 33 ah ” ” ” ” ” 
Oe Tl (oie. Bestia Ele LOTS 
0°43°/, ” ” n 017°, ” ” 


c) La repartition de la charge suivant lalargeur d’une 
plaque sollicitee a la compression par une force appliquée sur 
une largeur égale a l’épaisseur de la plaque a été étudiée a l’aide 
d’essais a la compression sur des prismes de 1:00 et 0°50 m de 
hauteur et de largeur, allant de 0°12 a 0°96 m; on a mesuré les 
deformations en plusieurs points de la largeur sur la section 
médiane. Quelques plaques ont recu une armature transversale, 
les autres étaient en béton non armé. 


d) Essais de mats de section troncconique creuse en béton 
armé. Les mats étaient découpés dans des poteaux de ligne 
électrique; l’armature a comporté un pourcentage de 0.57 a 4°36°/, 
de la section de béton au milieu de la portée. 


e) Essais a la compression de colonnes avec armature longi- 
tudinale et avec frettes. Il s’agit d’essais isolés; l'étude systématique 
des colonnes ayant été entreprise dans divers laboratoires étrangers. 


3. Essais de constructions terminées en béton armé. 


Ces essais ont été entrepris lors de la réception de diverses 
constructions et ont consisteé dans la mesure de la fleche en de 
nombreux points de la construction pendant l’application de la 
charge; ces essais ont permis de déterminer le degré d’encastrement 
et de continuité des poutres principales. 


Bett yeu 


[Xie 


Essais usuels de contréle du béton armé. 


Les cahiers des charges prescrivent l’essai des fers a la 
traction; pour le béton le contréle comprend l’essai normal du 
ciment Portland a 7 et 28 jours suivant les prescriptions suisses, 
essai de series de cubes ou de prismes (généralement 4) a 28 jours; 
les cubes ont 16 cm de cété, les prismes une section carrée de 
12 cm de coté et 36 cm de longueur. Ces derniers sont soumis 
a un essai a la flexion, les moitiés subissent l’essai a l’écrasement 
entre des plaques d’aciers placées en croix et de 12 cm de largeur. 

L’importance de ces essais est caractérisée par le fait qu’en 
1908 le Laboratoire de Zurich a eu plus de 500 sortes de béton 
a essayer. Les resultats obtenus montrent une amélioration crois- 
sante de la qualité du béton par un dosage judicieux du sable 
et du gravier. 
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REINFORCED CONCRETE STRUCTURES. MEASURE 
OF THE DEFORMATIONS OF STRUCTURES UNDER 
SERVICE CONDITIONS. 


Report by M. Charles Rabut, Paris. 
Appendix to the Committee-Report on Reinforced Concrete. 
Translated from the French by A. R. Liddell, Charlottenburg. 


The Sub-Committee on Reinforced Concrete has asked us 
to present to the Congress a report on the experimental study of 
existing structures. 


The object of this report is not to give a general summary 
of the studies undertaken up to the present and of the results 
obtained, which appears premature. 


We simply propose to demonstrate the utility of these studies 
and the interest which the International Association has in according 
its moral support to those of its members who may chance to be 
in a position to undertake them. 


The rules for building in reinforced concrete, which have 
been formulated in the different countries, whether by the governments 
or by associations of engineers and architects, have, as far as 
possible, been brought into connection with laboratory researches 
in regard to the deformation of concrete and steel, first under 
individual, and then under combined strain, and the formulae shown 
by the strength-calculations to be desirable tend to represent the 
laws of this deformation. 

Now, in the laboratory researches, the samples operated upon 
are of simple form, and the endeavour is made to place them 
under perfectly definite and known test conditions. 
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On the other hand, in existing structures the forms of the 
various parts are more complex, and, in particular, the manner 
in which each of them is stressed (distribution of the loads, degree 
of firmness of fixing of the parts, etc.), is a priori unknown; its 
exact determination would entail calculations of so complex a 
nature, that their making is in general not to be thought 
of, and the designer contents himself in this respect with hypotheses 
the simple nature of which contrasts strangely with the minuteness 
that is usually introduced into the study of designs of reinforced 
concrete structures. 


Again, an essential element of these calculations is the exact 
knowledge of what is called the coefficient of equivalence of the 
metal to the concrete. The rules given for its determination as a 
function of the rigidities of the metal and of the concrete respectively, 
and of the number and diameters of the trussings etc., have very 
rightly been considered doubtful even by those who framed them. 
Admitting that laboratory experiments, on which the framers of 
these take their stand, have been made with all desirable precision, 
they have not been sufficiently numerous to establish the proposition 
that the coefficient in question depends solely on the quantities as 
a function of which it is sought to be expressed. 


Finally, admitting that this coefficient on the one hand, and 
the manner of stressing each piece on the other were sufficiently 
well determined, the limits which are imposed on the deformation 
of the concrete and on that of the metal in the reinforced concrete 
structures must, considering the actual state of our knowledge, be 
looked upon as rather arbitrary. Of this no other proof is needed 
than the contemplation of the considerable differences attributed 
to these limits in the rules of the different countries, 


On these three grounds it is thought to be necessary at least 
to supplement the results, which laboratory experiments have been 
able to furnish, by measurements made on structures in actual work. 

Only by this means will it be possible to take account of 
the manner of stressing of the parts of structures of a given type, 
with the view to its adoption as a basis for the calculations for 
o.her structures of analogous types to be designed. 

We shall only be able to arrive at a knowledge of the true 
coefficient of equivalence in a given structural part by means such 
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as these, and, with due knowledge of its signification, to sanction 
its use in further designs. 

Only by this means, finally, shall we get to know the values 
really attained by the local deformation of the concrete and of the 
steel in structures that have admittedly shown themselves strong 
enough under service conditions, and be in a position to lay down 
precise limits which can be conceded to them in the designs of 
similar structures. 

Reference may suitably here be made to the particular cause 
which renders these limits specially indefinable in the case of 
structures subject to moving excesses of load, namely the increases 
of stress due to the rapidity of the application of the excess load. 
The conditions under which the laboratory experiments can, in 
this respect, be made are evidently widely removed from those 
which are to be met with in structures under service conditions, 
and it is only by working directly on these that a precise valuation 
of the dynamic effects can be arrived at. 

The application of the experimental method to buildings under 
service conditions has been practised for 15 years on metallic 
structures; it has shown the insufficieny of the indications given 
by purely theoretical calculations as far as the representation of 
the laws of the real deformation is concerned, and enables important 
progress in the distribution of the material to be made. 

Reinforced concrete structures appear destined to benefit by 
the method to a still greater degree on account of their greater 
complication. 


Such are the reasons which lead us to think that the 
Association would be doing useful work in encouraging and 
facilitating researches of this kind. 

Another consideration may be brought forward in support of 
our thesis. 

We have called attention in the foregoing to the divergencies 
which exist in the different countries in regard to reinforced 
concrete; if the investigations undertaken for the improvement of 
the rules be carried to a successful conclusion under the auspices of 
the Association, this will provide a good ground for the introduction 
of corrections into these rules, which will render them less 
dissimilar, and bring about uniformity so far as differences of 
manufacture in the different countries will admit of it. The 
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Association will thus exercise a useful influence in the direction 
marked out for it by its own articles. ; 

What form should its intervention take in the matter now 
occupying our attention? 

It does not seem to follow that it should give to the work in 
question, financial support which would not otherwise be forth- 
coming. 

But it can give its moral support to the experimental study 
of structures under service conditions by declaring that it considers 
such study useful and conducive to the ends which it is its mission 
to pursue. 

Besides, it can in certain cases facilitate these by, where 
necessity, making representations to competent authorities, so as to 
obtain their authorisation and even their active cooperation where 
the circumstances are such as to justify it. This intervention would 
be called forth at the request of one member of the Association 
who might demonstrate the utility of certain experiments undertaken 
by himself or others and the necessity of having them authorized, 
assisted, or subsidized by the competent authorities concerned. 

We conclude, therefore, with the hope, that the Congress 
will give the matter its favourable consideration in this sense. 
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IX3 
CASUALTIES IN REINFORCED CONCRETE 


BUILDING. 
By Dr. Fr. v. Emperger, Vienna. 


Appendix to the report of the Reinforced Concrete Committee, 


Translated from the German original by A. R. Liddell, Charlottenburg. 


For the formation of a correct judgement on this question, 
Suitable statistics are wanting. It will not do to form our opinions 
from isolated severe accidents. The greatest disasters of this kind, 
as for instance those met with on the sea, sink into insignificance 
in comparison with the accumulated totals of those comprizing 
every-day occurrences. ‘There is an example lying nearer to us, 
which gives better expression to this. According to the lists of 
the Workmen’s Union for Iron Bridge and Iron House Buildings 
in the State of Illinois, the number of deaths in 1905 were as 
many as 26, that of men incapacitated for work reaching the same 
figure, and that of the slightly injured amounting to 80, out of a 
membership of 1350 workmen, that is to say in all about 10°/,. 
This figure rose in 1906 to 156 cases or 12°/,, a circumstance 
which was attributed to excessive haste in the execution of the 
work. In view of these appalling figures we must allow that we 
have no idea of the amount of the blood-tax which modern 
buildings demand, nor of the waste of national property represented 
by carelessly erected buildings that have fallen in. We must say 
to ourselves then, that a conscientious scheme for the prevention 
of accidents must take statistics of casualties of this kind as its 
main basis, and such occurrences are in a high degree promoted 
by the hushing-up methods hitherto employed, since science 
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and practice do not get the chance of applying the 
lessons that are to be learnt from them. 

As the first step in this direction attention may be called to 
the report of Rutgers: “Bauunfalle in Holland‘, which was pre- 
sented to the “International Committee for Reinforced Concrete“) 
and contains material of great value. These endeavours have 
obtained official support in Switzerland only. 

In recognition of this circumstance, I have in my “Handbuch 
fiir Eisenbeton* (Handbook for Reinforced Concrete*) given the 
question of accidents on buildings the large amount of space 
which it deserves, and in the following short description I must 
make reference to this comprehensive treatise. 

The occurrences may be divided into two groups: unprevent- 
able ones in which forces come into play which are not amenable 
to calculation, and preventable ones, that is to say, such as, in 
view of the present state of our knowledge of the causes, could 
with due exercise of caution have been prevented. 

Unfortunately an addition will have to be made to these 
two main groups of a third one which comprises those accidents 
in which ignorance or thoughtlessness, or even carelessness plays” 
a part — unfortunately an unavoidable evil, with which, in spite 
of all advances in science, we still have to reckon. 

The last-named most dangerous group of building-casualties 
must lose in extent in the degree in which knowledge on the 
domain in question increases and extends, and legal and pro- 
fessional means are taken to safeguard this branch of work from 
ignorance and carelessness. The yearly number of such occurrences 
is being rapidly reduced. 

In illustration of a large number of occurrences of this kind, 
it will not be out of place to touch shortly upon the so-called 
concessionaire-system. This is an arrangement which was created 
by Hennebique, on the basis of which a large plan-manufactory 
arose in Paris to which several branches were subsequently added, 
its object being to supply plans to firms which had no drawing- 
offices of their own. Now, while Hennebique exercised a certain 
amount of care in the choise of his concessionnaires, so that the 


1) “Beton und Eisen“, 1908, No, VII and IX. 
2) See the 2nd number of Vol. IV, Part II, W. Ernst & Sohn, Berlin, 
which has just appeared. 
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natural consequences of this separation of design from execution 
did not under his direction come so clearly to the surface, many 
of his imitators have overstepped the bounds of all reason. In 
this manner contractors were set to carry out reinforced concrete 
structures, who were complete strangers to the work. This has 
been carried to the greatest lengths by the American companies 
who have made it their business to sell special iron rods for 
reinforced concrete. In order to carry out their object, which solely 
consisted in the selling of large quantities of special iron, the 
commercial office was supplemented by a designing office, the 
advice of which, however, was in no case to be allowed to stand 
in the way of the main object in view. Orders were then obtained 
promiscuously for buildings, and, on the basis of the firm’s own 
plans which specified the use of special iron, were sublet to any one 
who presented himself. As far as the original contractor was con- 
cerned, the business was concluded with the supply of the specified 
quantity of iron. It is worthy of note that the greatest number of 
accidents occurred during a period of inflation in which all firms 
that treated the reinforced concrete only as an article of commercial 
speculation, had ample opportunities of doing business, regardless 
of the question whether their technical officials were able to meet 
the requirements made on them or not. In view of such phenomena, 
conscientious reinforced-concrete contractors are in a difficult position. 
They will never accept more work that they are able to execute 
with the staff of experienced men at their disposal. A special branch 
of this kind demands special knowledge, and a firm that employs 
experienced specialists will necessarily command higher and more 
regular prices; such an one alone will be in a position to avoid 
the occurrence of sad experiences such as those above referred to. 
In this connection see the paper read by Geheimrat Launer (Berlin) 
before the VIII International Congress of Architects in Vienna, 1908. *) 


A. Building Casualties from unavoidable Causes. 


In this connection the following causes come in question. 
1. Earthquake. As is shown by news from San Francisco*) 
and Messina®), the material which is the best able to withstand 


1) “Beton und Eisen“, 1908, pag. 209. 
2) See ‘Beton und Eisen“, 1909, No. 2, page 30: “Die Wiedergeburt von 
San Francisco“ (The New Birth of San Francisco). 


3) See “Beton und Eisen“, 1909, Number 5, page 180: ‘Der Eisenbeton 
im Erdbeben von Messina‘. (Reinforced Concrete in the Messina Earthquake. ) 
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these forces has been found in reinforced concrete. Of course this 
assumes its application in a suitable form, and reference may in 
this respect be made to the proposals of the author for earth- 
quake-proof houses.") 

2. Inundations. Here also reinforced concrete is regarded as 
the most suitable material with which as far as possible to resist 
these forces of nature.”) 

3. Dangers from Lightning and Tempest. 

4. Danger from Fire. , 

5. Power to withstand exceptional blows and explosions. 

Experiment, and with it our knowledge of the power of 
resistance of reinforced concrete to blows, is a field that now lies 
completely fallow. We only know, from accidents in which great 
strength has been developed, that such power of resistance must 
be very great and that the coherence of the whole structure makes 
itself favourably conspicuous. I should like to mention a test made 
on a rail bulkhead by N. Rella & Nephew in a tramway-shed in Vienna, 
as the only thorough one of its kind with which I amac quainted.®) 


B. Building Casualties from Preventable Causes. 


Note worthy in connection with the following is the circum- 
stance that no collapse of a completed building that has been 
handed over for service is known to have occurred, and that it 
has always, therefore, been a question of mistakes which proper 
construction would have been able to prevent, while minor 
deficiencies in quality were made good by lapse of time. 

1. Errors in shuttering. 
Schiller wrote: Filled the mould is for the cast; 
Industry and art requiting 
Will it show itself at last? 
Should our hopes be foiled, 
Cast and mould be spoiled? 
Ah! may be while hopes still flatter, 
Mischief strikes those hopes to shatter. 


1) See “Beton und Eisen“, 1909, No. 6, page 150. 

2) See “Beton und Eisen“, 1909, No, 7: (“Briicken, System Visintini*.) Bridges, 
Visintini System, 

3) In regard to this see details in the “Handbuch fur Eisenbetonbau“ 
(Handbook for Reinforced Concrete Construction), IV, 2. The filling of this gap 
in our knowledge would be an important task for our testing establishments. 
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These words conform with that degree of technical skill 
which, without a closer insight into the action of the forces, only 
looks towards the result of the work with the feeling of uncertainty. 
Reinforced concrete has now happily got beyond this stage. The 
engineer must know how strong he has to make the mould so that 
it will not break. Building casualties of this kind result either from 
too weak a shuttering, or from an overburdening of the shuttering 
in the concreting. 


An example of weakness of the centering is supplied by 
the collapse of the Bridgemann Building in Philadelphia') on July 
gth 1907, and of the Ornament Store in 1906 in Bern.*) The 
latter occurrence resulted in the recent building up of the structure 
in half scale and the demonstration thereby that, when properly 
built, it was strong enough for its work. Mention may here be 
made of two of the greatest catastrophes which have been due 
to this cause of structural weakness, viz. the collapse of the Bixby 
Hotel at Longbeach®) in California, and that of the mill at Marquette 
near Lille.*) 


In connection with these we may refer to the accidents 
which have occurred on the application of the test loads immediately 
after the removal of the shuttering. These are the collapses of 
blocks of buildings in Milan®) on April 17 1908, and in Corning, 
in New York, in 1904. 

It may here be observed that the supervision of a reinforced 
concrete building extends to everything except to the quality and 
kind of the centering. 

It is nothing out of the common, then, when it is further 
reported, in connection with the case of the above-mentioned 
Bixby Hotel in California, that for the building of the attic storey, 
which was not included in the original design, and which was the 
immediate cause of the collapse, the contractor collected all the 
old broken timber that was to be found in the house to make the 
centering. It would accordingly be desirable to publish a number 
of standard drawings of centerings, such as might supply pattern 


1) “Eng. News“, 1907, p. 69. 

2) “Schweizer Bauzeitung*, 1906, and “Beton und Eisen‘, 1906, p. 292. 
3) “Eng. News‘ of 6. and 20. December, 1906. 

4) “Beton und Eisen“, 1908, p. 75. 

5) “Beton und Eisen“, 1908, p. 180. 
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and scale to the contractor and to the supervising engineer as to 
what should be required. 


2. Mistakes in the Construction of the Pillars. 
Mistakes of this kind in the construction of the vaulting — 
reach back into the history of the time before the rise of reinforced 
concrete. In the case of beams a defective design may produce a 
small shift, which interferes with the intended continuity. Numerous 
examples of this might be cited. 


A properly made pillar that is well connected with the 
beam gives the latter a kind of firm support which is much 
greater and much surer than that attained by the continuity. 
Unfortunately current practice and our rules hitherto only take 
account of the latter. Special experiments with girders firmly 
fixed at their ends and of framelike arrangement would be 
necessary in order to clear up this hither so dark a domain so 
far that we may understand how to avail ourselves of those 
advantages and to proportion the girders to the capabilities shown 
by them without waste of iron. As proof of this too little recog- 
nized effect, attention may be directed to an interesting case, and 
to the subsequent reconstruction required. In this case by reason 
of a mistake in connection with the strength of adhesion and 
reinforcement, the negative moment in the pillar drew the iron 
in the upper chord of the girder out of the pillars. 


An improperly arranged pillar may be a source of danger. 
The best known example of this is the collapse of the Hotel 
zum goldenen Baren in Basle in 19031), 


3. Mistakes in Calculation. 


In the first place we may refer to a mistake which, well 
known as it is in iron construction, has not been sufficiently 
attended to in the domain of reinforced concrete. This is the 
circumstance that, quite apart from the degree of strain permis- 
sible, a certain limit of deflection should not be exceeded. 

Among the permissible stresses the adhesive strength, as the 
foundation of the structural connection, is the one that is most 


1) “Schweiz. Bauzeitung“ of Aug. 31st. 1901 and May 10th. 1902, and 
“Beton und Eisen“, 1902. 
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often sinned against. Here experiment, by means of which the 
quality of an arrangement can be demonstrated, comes to its 
rights and often shows to what false conclusions the so-called 
practical sense may in such cases lead. The question as to the 
proper arrangement of the iron rods in order to obtain the best 
connection, by means of which alone it is possible to obtain the full 
value of the iron, or at least to reach the degree of adhesion 
usually considered attainable, has been on a good many false 
scents, which have often caused considerable injury to the buildings 
concerned. As examples of the collapse of buildings which were 
designed without stirrups may be mentioned that of the railway 
bridge at Luino over the canal near Bataglia!). These phenomena 
appear — as indeed is everywhere the case — with particular 
prominence when several faults occur at the same point. Thus, 
for instance, if a defective stirrup arrangement is combined with 
inferior (clayey) additions or has been badly mixed (air bubbles,) 
between stirrups and insertion rods or expansion pieces, the 
destruction of the girder is a necessary consequence. 

The tensile strength of the iron is to-day the safest basis for 
our calculations. A questionable matter and one to be decided by 
experiment might be the influence of the tensile strength of the 
concrete and its shearing strength in the case of ribbed beams. 
In the absence of exact knowledge of these properties the ten- 
dency is only too great, from pure motives of caution, to set up 
working requirements which go far beyond anything that is ne- 
cessary, and in contradistinction to the necessary and dangerous 
properties here referred to, may be designated as national waste. 


‘This is particularly the case in regard to the compressive strength 


of the iron under compression in the upper chord of the girder. 
In regard to the former, I have repeatedly shown that the reference 
of the compressive strength of actual practice to that shown in 


the testing of sample cubes is only possible when the former is 


almost doubled. The useless arrangement of compression-rods has 
only recently been inveighed against by Prof. Schule?). 
In all these cases the testing system shows itself as the only 


guide for a proper solution of the problems involved, and it should 


be employed to a greater extent in their elucidation. 


1) “Il Cemento* 1905, p. 457. 
2) Nos. XII and XIII of the ‘Mitteilungen der eidgen, Versuchsanstalt in 
Ziirich*, 
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4. Mistakes in the Production of Concrete. 


Occurrences on this domain in the first place comprise those 
in which the use of bad mixing-water, bad additions or bad cement 
is involved. While it was formerly looked on as sufficient to have a 
representative test of the cement made, it is now recognised that 
this is insufficient in all cases in which special requirements of a high 
order are made on this material: that what to our practical judgment 
ought to give a good concrete may be far removed from being a 
suitable material for reinforced concrete, and that in this connection 
also the testing system has the last word to say. While the “readiness 
to make sacrifices“ displayed by several of the state departments, 
and specially by the Deutscher Betonverein, may be gratefully 
recognized, it must not be forgotten that the building firms in general 
are not yet convinced of the necessity of this, and make use of 
it only to a small extent. 

Of the influences which can destroy concrete, mention may 
first be made of faulty production, such for instance as the pouring 
in of the concrete during heat or frost, or an insufficient adhesion 
between the successive layers of this material. Finally there comes 
in question the subsequent destruction of the concrete by sea water, 
aciduous springs, moor-ground, and such like, as also by means 
of oil, petroleum, and other fluids. In this domain also the test 
system is in progress to enlighten us as to the magnitude of the 
dangers and the means of avoiding them. 


5. Destruction of the Iron. 


Only the destruction of the iron by rust comes in question 
here. The cases in which the formation of rust has been furthered 
by the covering of the iron with poor concrete are extremely rare, 
since this covering is easy to make. Fraught with danger are the 
electrical phenomena resulting from potential differences or stray 
currents, and finally many of the innocent-looking additions made 
to concrete, such as that of common salt during the occurrence of 
frost. The latter afterwards becomes hygroscopic and promotes the 
formation of rust. 

In view of these manifold circumstances, which may give 
rise to accidents in building, doubts were, on the introduction of 
the reinforced concrete, entertained in many quarters, whether it 
would be possible to find contractors of so trustworthy a nature 
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and with their workmen so well organized that they could steer clear 
of all rocks. The best proof that this is so is the immense amount 
of work which has already been accomplished. It must further be 
pointed out that every country which is in possession of a good 
code of regulations with reference to such work, has been exempt 
from considerable disasters of this kind, and this to such a degree 
that the assertion is justified that the methods of prevention of 
accident hitherto adopted are the right ones. 

The treatment of the statistics and of the question of the 
publication of these occurrences must be described as faulty, and 
the endeavours to develop and improve the testing system in all 
the branches here referred to deserve the greatest encouragement; 
for only in this way, by means of a better recognition of 
the circlumstances of the cases in point, can we put 
ourselves in a position to prevent them in future and to 
avoid the methods of construction which have been 
recognized as bad. 
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O ON PRESERVATIVE COATINGS FOR IRON ANDO 
STEEL, RESUME OF WORK DONE BY THE AMERICAN 
SOCIETY FOR TESTING MATERIALS. 


Presented by S. S. Voorhees, Washington D. C. 


Until the metallurgist can produce a cheap non-corrosive 
metal for structural use the integrity of iron and steel structures 
depends on some form of preservative coating which will prevent 
corrosion. 

Since about one fourteenth of the metal sides of a steel freight 
car is lost each year by corrosion, and local rusting may destroy 
the steel members of bridge structures to a point far beyond the 
limit of safety in a much shorter period, the need for an. investi- 
gation on preservative coatings is evident. 

The American Society for Testing Materials early recognized 
the importance of such an investigation and in 1902 appointed a 
Committee on Preservative Coatings for Iron and Steel. 

In accordance with the general policy of the Society the 
Committee which now consists of almost 30 members is composed 
of producers and consumers. It has been the aim to inlude manu- 
facturers representing all types of preservative coatings. 

In general it may be stated that the problem is first to 
determine the requirements of a satisfactory protective coating, and 
then to prepare specifications and devise methods and tests which 
will insure that these requirements are met. 

Such investigations will include the causes of deterioration 
of paint films, a study of the drying and oxidation of oils, the 
physical condition of the pigment particles, an investigation of the 
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theory and cause of .corrosion, together with a study of the 
electrolytic dissociation of the pigment with formation of an 
electrolyte and consequent corrosion of the metal. 

Each one of these phases of the general investigation is a 
problem of magnitude in itself and it has not been possible for 
the Committee to more than complete the preliminary work. It — 
should be stated here that the members of the Committee have 
only a limited time for special investigations. 

Fortunately other investigators have offered notable contri- 
butions to certain phases of the problem and it is confidently 
expected that the time is not far distant when at least the causes 
of corrosion and the rust inhibiting and accelerating action of 
pigments will be definitely settled. 

The theory of the drying of linseed oil and the action of 
dryers is still an open field for research. It has a direct bearing 
on the deterioration of paint films and requires a searching investi- 
gation. A further study of the paint films through physical tests 
and microscopical examinations will undoubtedly give definite 
information relative to size and shape of -pigment particles. 

The requirements for a satisfactory preservative coating may 
be stated briefly as follows: 


For general work it is recommended that the surface be free 
from dirt, grease and detachable mill scale and rust such as can 
be removed by the use of hammer and chisel and wire brush. The 
paint should be as heavy as possible in accordance with satis- 
factory spreading and working. The time of drying should be as 
short as possible consistent with durability; excessive amount of 
dryers should be avoided, but in general the time of drying must 
depend upon the contingencies in each case. 

The undercoat should not be softened or acted upon by 
subsequent coats of paint. . 

In general it may be stated that the more impervious the 
coating is to moisture, air and carbon dioxide, the more durable 
the coating. As size of pigment particles is a function of per- 
meability it is recommended that the function of fine grinding be 
carrefully investigated. 

The coating should be sufficiently elastic to adhere to the 
surface through all ranges of contraction and expansion without 
peeling or cracking. 
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The coating should further resist the mechanical action of 
eaimeeciigers, elc., cartied by the wind. 

The surface should permit of repainting with a minimum 
expenditure of time and money in the preparation of the surface. 

It is further considered practical to require the coating to be 
efficient for five years under normal conditions. 

To determine the efficiency of the coating it is recommended 
that tests be in harmony with conditions imposed in actual service 
aS it is useless to prescribe the same tests for all classes of 
protective coatings. 

In general, it is recommended that tests be adapted to 
demands of service conditions and be divided into the following 
classes: 


1. Actual Service Tests under Normal Conditions to be applied 
to Full Size Structures and Normal Panel Tests. 


Under this head the Committee started a long time service 
test in June 1906 on part of the new double track deck bridge 
of the Pennsylvania Railroad over the Susquehanna River at Havre 
de Grace, Maryland. The bridge is about 4000 feet long, consisting 
of 18 spans. The trusses are 30 feet deep and the panels 29 feet 
long. The paint was supplied by 19 manufacturers and applied 
to 2 continuous spans of the bridge directly over the water, con- 
taining 19 panels. Each panel represented one paint test. 

In addition to the test of the paint on the bridge proper, 
panel tests were also made on very carefully prepared steel plates 
2 feet by 3 feet, the paint being applied by a most skillful work- 
man, under the most perfect conditions possible. These panels were 
made in triplicate at 3 spreading rates, 600, 900, and 1200 square 
feet per gallon of paint. The panels are exposed on the lower 
chord of the bridge. 

Conditions of surface, application, weather, etc. were carefully 
noted and recorded. Complete analyses of the paints used in the 
test were made. The paints used in this test, were, in most cases, 
the representative proprietary coatings prepared for use on iron 
and steel structures. 

The pigments included red lead, graphite, carbon, oxide of 
iron, white lead, zinc oxide, sulphate of lead, together with clay, 
Silica, silicates and barytes. The oil was in the majority of cases 
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a pure linseed oil, though in one case rosin or a resinate drier 
was detected. 

The volatile matter was found to be turpentine or naptha 
or a mixture of the two. 

In the set was one heavy asphaltic varnish thinned with 
naptha. 

The result of the inspection made in June 1908 is as follows: 


As was anticipated, no marked differences are noted in the 
majority of cases. As was clearly indicated at the inspection a 
year ago, the only example of an asphaltum varnish thinned with 
a petroleum volatile solvent has failed to a marked degree after 
eighteen months exposure. A carbon paint containing rosin in the 
oil has developed minute fissure cracks all over the surface. While 
it is by no means conclusive that this failure is due to the rosin, 
still it is worthy of note and will be the subject of further in- 
vestigation. 

An example of difference of expansion of red lead under- 
coat and a carbon final-coat is shown in. panel 14. The carbon- 
coat has cracked badly on the bridge proper in cob-web-like 
cracks showing the red of the under-coat. On another panel the 
same final-coat, however, applied both as an under-coat and as a 
final-coat has not failed in this manner. | 


It is also interesting to note that one of the pure red lead 
pigments in straight raw linseed oil shows unmistakable evidence 
of alligatoring. 

High gloss and tenacious film are shown by Panel 1. In 
this case the pigment consists of oxide of iron, red lead and a 
carbon black mixed with a varnish containing some gum and 
thinned with turpentine. 


The other panels, as stated in the report of the Sub- 
Committee show in most cases a marked loss of gloss with 
minor differences in hardness, tenacity, toughness and elasticity 
of film. These differences are, however, too slight to warrant an 
opinion at this time. 

There is evidence of rusting to a slight degree on all sections 
of the bridge due to mechanical injury. These spots have been 
accurately noted and will be carefully watched at subsequent in- 
spections. In general, however, the paints are affording good pro- 
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tection and it will require longer exposure to differentiate in the 
majority of cases. 


An inspection made March 26, 1909 confirms the report of 
last June with no marked changes of note to report. As stated in 
June, one of the red leads showed unmistakable evidence of alli- 
gatoring. In this case the alligatoring is most marked at the 
spreading rate of 600 square feet to the gallon, but the cracking 
is apparently superficial. Good protection is afforded, however, 
by this paint. | 

In general, most of the paints are affording good protection. 


It is impossible to give details of the tests in this paper, but 
reference is made to reports of Committee E in Proceedings of 
the American Society for 1906, 1907 and 1908. 


To supplement the investigation of Prof. Ladd, of Fargo, 
North Dakota, in his effort to determine the value of inert and 
reenforcing extenders when added to white lead and white zinc 
and other pigments, as compared to pure white lead and white 
zinc, the Paint Manufacturers Association has started a similar 
set of panel tests in the smoke laden atmosphere of Pittsburg, 
Pennsylvania and the moist, saline atmosphere of Atlantic City. 
The inspection of this latter set of tests is under the supervision 
of Committee E. 


The paints used in this test include pure white lead, pure 
white zinc, varying mixtures of white lead and white zinc, white 
lead mixed with sublimed white lead (a basic sulphate of lead), 
together with calcium carbonate, aluminum and magnesia silicates, 
barytes, silica, calcium sulphate, blanc fixe and lithopone, used alone 
and added in varying amounts and combinations to white lead 
and white zinc. 


About 50 formulae each in white and yellow and drab tints 
are included in this test applied in duplicate to panels of well 
seasoned and selected white pine, yellow pine and cypress. 


The results of the inspection of these panels together with 
a record of composition of the pigments and conditions of appli- 
cation will be included in the report to be presented to the Society 
in June 1909. It may be stated that when inspected March 27%, 
1909, the yellow and drab tints were in better condition than the 
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white; and that the paints applied to the white pine were in 
better condition than those applied to the yellow pine and cypress. 

The lithopone has failed to a marked degree. 

There is undoubted evidence of failure due to checking, 
cracking and chalking in a number of the pure and combined 
pigments, but the results at this time do not warrant any definite 
conclusions except as stated. 

A third set of panel tests have been started at Atlantic City 
to determine the rust inhibiting or accelerating action of certain 
pigments on steel plates. The details of these tests will be given 
later under the head of Special Laboratory Tests. 


2. Accelerated Tests applied to specially prepared Surfaces 
and subjected to abnormal Conditions. 


Under this head a circular letter was sent to the members 
of the Committee, requesting them to express their opinion on the 
following tests: 

1. Preparation of paint films. 

2. Testing of paint films in situ. 

3. Testing of paint films, removed from surface painted. 

In the preparation of paint films uniformity should be sought 
aS far as practicable as to: 


a) Temperature and time to be allowed for drying. 

b) Atmospheric moisture during drying and testing. 

c) Exposure to light. 

d) Thickness of film both before and after evaporation of 
volatile thinner and oxydation, and such other conditions as may 
be found desirable. 


In the testing of the paint films in situ the foilowing tests 
have been suggested: 


a) Resistance to mechanical abrasion, as for instance to a 
stream of sand falling from a standard height; 

b) Mechanical penetrability as shown when using a blunt 
pointed instrument, subjected to increasing pressure; 

c) Electrical conductivity, dry; 

d) Electrical conductivity, wet, with distilled water; 

e) Electrical conductivity, wet, with distilled water, containing 
a standard amount of saline matter, constituting an electrolyte, 
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f) Penetrability to water as shown by Dr. Dudley’s Gummed 
Label Test, and such other tests as may be found desirable. 


In the testing of the paint films, removed from the surface, 
the following tests have been suggested: 


a) Water evaporation through paint films as indicating pene- 
trability, etc.; 

b) Per cent of film soluble in cold water; 

c) Elasticity of film; 

d) Tensile strength of films with elongation before breaking, 
and such other tests as may be found desirable. 


The replies were in the main favorable to the above set 
of tests, but as the work developed they seemed to fall more 
naturally into the class of laboratory tests. 


3. Laboratory Tests including Chemical Analysis and Special 
Physical, Mechanical and Microscopical Examinations. 


As these tests can only be of practical value when experience 
permits of proper interpretation of results, they require careful 
investigation. From the results so far obtained the indications are 
that they may give the information desired. 


The work of Dr. Allerton S. Cushman of the U. S. De- 
partment of Agriculture is of special interest. It was considered 
of such importance that a joint committee, composed of Dr. Cush- 
man and Dr. W. H. Walker of the Massachusetts Institute of 
Technology, both of Committee U on the Corrosion of Iron and Steel, 
and Mr. G. W. Thompson of the National Lead. Co., Mr. P. H. 
Walker of the U. S. Department of Agriculture, and the writer 
from Committee E, were appointed to investigate the subject. 


Dr. Cushman’s investigation on the theory of corrosion 
naturally led to a study of the relative resistance of different steels 
and their protection against corrosion. 


His researches, extending over several years of careful in- 
vestigation, have stimulated the steel producers to roll a more 
rust resisting metal. If his theory of the rust inhibiting and accele- 
rating action of pigments is established by service tests, when 
these pigments are applied as a paint, the life of steel structures 
will be increased. 
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I am indebted to Dr. Cushman, chairman of this joint 
committee for a briet resumee of his investigation which has been 
condensed as follows: 

In the course of certain investigations that he carried on 
with regard to the causes of corrosions and the methods of pre- 
serving iron and steel, it was suggested on theoretical grounds 
that certain pigments should have an inhibiting effect on corrosion, 
while others should have a stimulating action. 

Since chromic acid and its salts are known to prevent cor- 
rosion by rendering the surface of the iron passive in contact 
with moisture, it was suggested that chrome pigments might be 
of value as priming coats. Laboratory test, however, with chrome 
pigments as well as other pigments gave varying results, indicating 
that the results obtained were due to impurities in the pigment 
having either stimulative or inhibitive action. 


At the suggestion of G. W. Thompson a special set of labora- 
tory tests were made by placing weighed and polished steel plates 
in aseries of wash bottles containing water and the pigment to be 
tested. Air was drawn through this train for a definite period, two 
to three weeks, and at the end of that time the plates were washed 
and brushed clean, dried and weighed. The result of this test 
indicated whether the pigment should be classed as an inhibitor 
of rust, or occupy an intermediate zone called neutral or inde- 
terminate pigment or was found to be an _ accelerator of 
rust. About 50 pigments were tested in this manner by five 
independent analysts. From the results obtained 10 inhibitors 
and 9 stimulators were selected on which concordant results 
had been obtained by the five analysts. With this data at hand 
the Paint Manufacturers Association of the United States offered 
their cooperation for a series of tests on a large scale. Some 
600 plates, representing open hearth and Bessemer steel and an 
especially pure iron were painted under test conditions using the 
same quality and grade of linseed oil and dryer in each case, the 
different consistencies being made normal by the addition of pure 
turpentine as necessary. 

In addition to the above sets of tests additional plates were 
painted with the ordinary paint as specified by various railroad 
engineers and others. These plates were mounted in wooden frames 
and exposed to saline atmospheric conditions at Atlantic City, 
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New Jersey. Although they have been in position only a few 
months some interesting results are beginning to show and it is 
hoped that in the course of a year much valuable data will be 
secured. 

As a laboratory test along this line, the following scheme is 
recommended: Clean steel knife blades are painted with the pig- 
ments to be tested, made up as water colors, and applied as a 
thick coating. After drying the knife blades are placed in contact 
with moist blotting paper for a period of 48 hours. The pigment 
is then scraped off and the surface of the steel examined. The 
corrosion of the different types of pigments can be determined 
by the appearence of the steel, certain pigments having a marked 
corroding action while others are actual protectors and no corrosion 
will be noted. The tests can be made quantitative by weighing 
the steel before and after the test. The same test can be used by 
applying the pigment in its normal oil vehicle; after drying it is 
kept under wet blotting paper for a period of three weeks, when 
the paint is cleaned off and the steel examined as in the previous 
case. The results obtained by testing the pigment with an oil 
vehicle have been found to agree with the results obtained when 
the same pigment is tested in water suspension. One interesting point 
seems to develop from these tests, i. e., those pigments which are 
of themselves conductors of electricity or which in contact with 
water develop electrolysis invariably have a corrosive action on 
the =surrace ‘Of. the’ steel. 


These observations corroborate the theory that the corrosion 
is due to what may be called autogenuous electrolysis, which takes 
place. on the surface of the metal. The Cushman-Walker ferroxyl 
test has shown that iron or steel invariably throws itself into 
positive and negative nodes when in contact with the corrosive 
medium, the effect of this being to stimulate the solution pressure 
of iron at the positive node, thus causing more rapid corrosion. 
Certain pigments check this action and therefore prove themselves 
to be inhibitors. It is impossible, however, at the present to inter- 
pret the results as sufficient time has not yet elapsed to collect 
and collate the data. 

This theoretical research of Dr. Chushman affords a most 
valuable ground work for practical investigations. It indicates that 
preservative coatings for iron and steel may include two distinct 
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features which may or may not be obtained by one pigment. First 
an inhibiting under-coat, and second, an excluding final-coat. 

An inspection of these steel panels made March 27 shows 
that the four months exposure is too short a period to throw 
much light on the inhibiting or accelerating action of these pigments, 
but it does support the theoretical position of calcium sulphate in 
showing it to be an accelerator of rust, while as far as can be 
determined, it seems possible that the chromium resinate applied in oil 
without any pigment maintains its theoretical position as an inhibitor. 

The study of the paint film offers an attractive field for 
investigation, but its success depends largely on developing a 
method of removing the film intact from the surface to which it 
is applied. 

Several methods have been used by individual members of 
the Committee, and in their hands gave satisfactory results. One 
method is to apply the requisite number of coats to a bond paper 
sized with a very soluble coating of noodle paste; after the paint 
is dry the film is floated off by immersion in water. 


| Another method is to apply the paint to a sheet of tin foil 

and dissolve the foil in a bath of mercury. Another method is to 
apply the paint to a slab of a low melting point alloy. The alloy 
is melted and the film is obtained intact. 

The following method has also been used with success: A 
sheet of ordinary tin plate is thoroughly amalgamated dry with 
mercury and the excess wiped off; the amalgamation is repeated 
at the end of twelve hours. The requisite number of coats of paint 
is applied to the amalgamated surface, and when dry, the film can 
be removed intact. 

In testing the detached film Mr. R. S. Perry of the phage 
Manufacturers’ Association uses a device which consists of two 
brass plates provided with pins so that a hoje of known area bored 
through both plates accurately coincides. To the upper plate is 
attached a glass tube about sixty centimeters long. This tube has 
sealed into it at a point about three centimeters above its juncture 
to the brass plate a second glass tube which is inclined to the 
vertical tube at an angle of 45°. The instrument is standardized by 
placing a microscopic cover glass between the plates, clamping 
them together and adding mercury from a burette into the inclined 
arm. The vertical tube is calibrated to 4/,) cubic centimeter. To test 
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the film it is clamped between the two plates. Mercury is added gra- 
dually from the burette. The pressure is read by the vertical height of 
the mercury column and the deflection or stretch of the film is 
measured by the difference between the number of cubic centimeters 
of mercury added from the burette and the reading on the vertical 
tube. The strength of the film is measured by the vertical height 
of the mercury colume when rupture occurs. The vertical tube is 
provided with a counterpoised float which records the maximum 
height of mercury column. The mercury on breaking the film 
makes an electrical contact and rings a bell. 

Mr. Perry states that his results indicate that different sized 
pigment particles give an increased strength to the paint film; he 
also states that rod-like pigment particles as furnished by asbestos 
have a reenforcing action and also give an increased strength to 
the film. 

A modification of this instrument has been devised, and while 
it has not been given a thorough trial, the indications are that it 
will give addional information on the physical character of the film. 


It consists of two aluminum plates with circular openings of 
known areas placed one above the other as in the first device. To the 
upper plate is attached a glass burette of 2mm bore calibrated to '/,9 
cubic centimeter provided with a three-way glass stock-cock. One outlet 
is connected with a movable mercury reservoir to furnish pressure. The 
cock is so arranged that the mercury can be run from reservoir to film, 
from reservoir to burette, and also so as to give a direct connection 
between burette and film. By this means the breaking strength of 
the films is measured by vertical height of mercury column; the 
stretch of film for any pressure up to breaking point by difference 
of readings in cubic centimeters, when load is applied, and the 
elasticity as shown by the permanent set, after any load has been 
applied, is measured by increased reading of burette in cubic 
centimeter, when pressure is reduced from point desired to lowest 
point on burette where readings of volume can be made. 

The permeability can also be measured for any medium by 
attaching a manometer to the top of the burette, introducing the 
medium into the burette, in place of the mercury, to the pressure 
desired and noting the time required to restore equilibrium. 

It may not be possible by this method to compare directly 
the results obtained from different paints containing different kinds 
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and amounts of pigments, as so far it has been impossible to 
obtain films of comparable thickness, but it felt that valuable data 
can be obtained after varying conditions of exposure. 

A microscopic examination of the paint film attached to a 
surface gives indication of the bonding effect of the vehicle and 
position of pigment particles. It is necessary to use a vertical 
illuminator and the illuminating trains such as are used in metallo- 
graphic examination of metals. 

A reflecting surface can be obtained by dissolving off the 
upper surface of the oil film, by such solvents as dinitrobenzol and, 
when necessary varnishing, the individual surfaces of the pigment 
particles by a reflecting medium as a very thin celluloid varnish. 

By this means it is possible to use as high as 1/12 inch oil 
immersion objective and the illumination, by using an acetylene burner 
is sufficient to obtain satisfactory negatives at this magnification. 

Mr. Wirt Tassin, Assistant Curator ofthe National Museum, 
has devised an illuminating train which gives very satisfactory 
results. It consists of a telescope tube which has a maximum 
extension of 10 inches and which is mounted in a trunion provided 
with a set screw so as to permit the tube as a whole to be tilted 
at any angle. A vertical adjustment is provided for by means of 
a rack and pinion movement. | 

In the back of the telescope tube is mounted a bull’s eye 
condenser and at the front is a plain convex lens so that the 
system as a whole:has a focal length of ‘the “Tear lensmas 
2 inches and that of the front of 1/g inches. | 


The rear of the telescope tube also carries a shield on the 
bottom of which is fastened a slot in which any desired color 
screen may be placed. Fastened to this shield is also a stiff brass 
rod on which there is a movable carrier for an acetylene jet. This 
carrier consists of two pieces of brass tubing brazed together at 
right angles to each other and each of which is provided with a 
set screw so that the source of light may be moved up or down, 
forward or back or turned and set in any position and at any 
angle with reference to the plane of the rear lens, a method of 
mounting which permits the use of any portion or all of the 
flame from the thinnest edge to the fullest width. 

The jet is connected by means of rubber tubing with any 
form of generator. The onehere shown is of the ,,Drip“ type and 
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is provided with a catch bottle which experience has shown to 
be desirable. 

The microscope is provided with a Bausch & Lomb vertical 
illuminator having a plain glass reflector which reflects light 
coming to it through an aperture in the side of the mounting 


Fig, 1. 
Print of Microscope Camera and illuminating Train used by Mr, Wirt Tassin 
of the U. S, National Museum. 


down through the objective upon the object, from which it is 
reflected through the mircoscope to the eye. Below the illuminator 
is a “Quick acting nose-piece“ which permits of a ready change 
of objectives without any change of alignment and which experience 
has shown to be preferable to a “revolving nose-piece“. The top 
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of the tube is so arranged that it slips readily into a light-tight 
connecting tube carried on the camera. 

The length of the tube from the eye-piece to the nosepiece 
is 16cm. A photograph of this device with microscope and 
camera is included. 

It is of course simple to use direct illumination for exami- 
nation of the thin smears of the pigment separated from the vehicle 
for comparison of the size of the particles etc. 

In addition to the tests and investigations already outlined 
it seemed desirable that a standardization of the tests employed 
in the examination of raw linseed oil be undertaken, with the 
aim that when the tests and methods required to determine the 
quality of linseed oil are satisfactorily established, specifications 
for this material can be prepared. 

A sub-committee has been appointed to undertake this work 
with Mr. G. W. Thompson of the National Lead Co. as chairman. 
Four samples of pure oil have been obtained from the crushers, 
taken under proper supervision. 

The tests to be used have been carefully selected and 
explained, and samples of the oil together with methods to be 
used have been sent to some 25 analysts. 

The following tests are to be applied to these oils: 

General: All tests are to be made on oil which has been 
filtered at a temperature of between 60° and 70° F. through paper 
in the laboratory immediately before weighing out, excépt tests 
No. 2, Turbidity and Foots, No. 4, Moisture and Volatile Matter, 
and No. 5, Ash. The sample should be thoroughly agitated before 
the removal of a portion for filtration or analysis. 


{. Specilic” Gravity: 

. Turbidity and Foots. 

. Breaking Test. 

. Moisture and Volatile Matter. 

Ash. 

Drying test on glass. 

Oxygen and Absorption, Using Lead Monoxide. 
. Acid Number. 

. Saponification Number. 

. Unsaponifiable Matter. 

. Liebermann-Storch Test. Qualitative. 
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12. Refractive Index. 

18. Acetyl Value. 

14. Hexabromide Test. 

15. Iodine Number. 

It is believed that the result of this investigation will enable 
the Committee to prepare satisfactory specifications for linseed oil. 


Summary. 


From this resume of the work of the Committee for Preserva- 
tive Coatings for Iron and Steel it will be noted that no positive 
recommendations covering the entire field have been issued. It is 
felt however that the investigation under way will give such 
certain positive results as will enable the Committe to draw 
certain definite conclusions. 

The paint tests both on the Susquehanna River bridge and 
the steel panel tests at Atlantic City will throw valuable light on 
the inhibiting and excluding action of preservative coatings. The 
tests on wooden panels with single and composite pigments will 
furnish certain definite conclusions and will simplify the work of 
the Committee in conducting a confirmatory set of tests. 

It can be stated however, that more definite conclusions will 
be obtained by the middle of the summer, when report is made 
to the American Society at the Annual Meeting in June. 


POSTSCRIPTUM. 

The report just presented to the American Society at their 
Annual Meeting (Atlantic City N. J., June 29 — July 38) did not 
include as definite conclusions as was anticipated, and does not 
add materially to data contained in the above paper. 

This is due to the fact that the time of exposure of steel 
plates at Atlantic City is too short to give any actual data, and 
While the pure white lead and white zinc paints on the wooden 
panels. at same place have chalked more than some of the 
composite paints it has not been possible for the Committee to 
make the careful specialized inspection, necessary for a fair com- 
parison of all the paints exposed. 
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A STUDY OF RUST-PREVENTING PAINTS 
FOR METAL SRUCTURES. 


By Em. Camerman, chef du Service d’Essais des Chemins de Fer 
de l’Etat Belge, Brussels. 
Translated from the French by H. Borns, London. 


A Report presented to the Zurich Congress by Mr. Valat, 
Ingenieur en chef a la Compagnie de |’Est francais, and my own 
experiments on several paints, which had recently been advertised, 
tend to show that poor results are obtained with the following 
rust-preventing paints: 

With paints prepared with a mixture of linseed oil and of 
essence of turpentine. With paints prepared with tar or its derivatives. 

With zinc white paints (enamels). 

With paints containing sulphate of barium. 

With paints in which manganese resinate forms the siccative. 

With zinc sulphide paints. 

With lithopone colours (mixtures of zinc sulphide and barium 
sulphate). 

With a pure linseed oil paint which developed blisters. 


These poor results will be understood, when we consider 
the difficulties that the rust-preventing coating should meet. I will 
enumerate these difficulties. 

1. The coating may be wanting in thickness from the 
very moment of its application, or at least after having dried. 

It will be conceded that, other things being equal, a thin 
coating will not resist so long the incessant bombardment by the 
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particles of atmospheric dust and will not remain so impervious, 
as a thick coating. . 

Thus a paint containing 50°/, of essence of turpentine 
is very fluid. It spreads to a much finer film than a paint prepared 
with boiled linseed oil, which forms a relatively viscous product. 
The former coating moreover is further reduced in thickness by 
the volatilisation of the whole of its essence of turpentine, which 
constitutes half of its volume. The great influence of such mixtures 
which comprise volatile constituents is evident. 


Almost all the tar Pp aints, which generally consist of some 
pitchy, more or less dry material, dissolved in an essential oil, may 
be classed with this series of defective paints. The essential oil 
is to evaporate, and the paint to dry in this way; which will 
necessarily leave the final coating much weakened. 


2. The coating may gradually diminish in thickness. 
In addition to their solvents the tar paints themselves slowly and 
gradually give off their volatile constituents. There result hollow 
spaces, shrinkages, and consequently thin, weak spots, and even 
fissures. 


3. The coating, although satisfying the conditions 
as to thickness, may be wanting in elasticity. 30s anus 
again with preparations of dry pitch and essential oils. 


The dried linseed oil on the contrary forms a soft, elastic 
pellicle which has often been compared to leather. 


4. The coating may lack hardness and not be ableto 
resist the impact of the dust particles, that is to say, it may 
not wear well. The two qualities, elasticity and hardness, 
may at first thought appear contradictory. But the two qualities 
are quite compatible if we mingle a powder of hard grains with 
a paste of a soft and elastic material. This consideration quite 
justifies the addition of powders or pigments to the bodies; we 
need not restrict ourselves to pure linseed oil, for instance. 


5. The coating may be liable to develop cracks and 
breaks in the continuity of the surface. Such accidents may 
be ascribed to two chief causes. 

a) The powdered material mixed with the body of the paint 
does not sufficiently adhere to the latter and separates from it 
under the inevitable contractions and dilatations. This will be 
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the case of certain inert materials: sulphate of barium, sand in 
mixtures with ochre, and others. 

b) The body may be decomposed. This occurrence is almost 
always due to polymerisation or depolymerisation processes. 
Owing to the latter reaction certain oils give rise to the formation 
of simple hydrocarbons which act as solvents for the remaining 
substances. The colour then turns pitchy; the simple hydrocarbons 
are slowly volatilised, and hollow spaces and cracks make their 
appearance. 

6. The powdered substance must be intimately united 
with the liquid mass of the body. Chemical combination 
between the components forms the most perfect bond, which will 
best resist any tendency to disintegration under the influence of 
dilatations and contractions; the lead oxides may be quoted as a 
noteworthy example. 

Poeveuner thewpoay, nor the powdered substance 
should be liable to atmospheric corrosion by the oxygen 
and particularly by the furnace gases from large industrial works; 
zinc preparations, zinc oxide, zinc sulphide and the lithophones 
in particular leave much to be desired in this respect. 

Of all the liquids which serve as paint body, linseed oil 
appears to us to be the best. It spreads in relatively thick films. 
Instead of diminishing in thickness by volatilisation, it gains in 
mass by absorption of oxygen, and it is scarcely liable to de- 
perdition. 

Judiciously applied it never turns pitchy, nor is it inclined 
fo.atack. 

It keeps sufficiently elastic, moreover, for years, at any rate. 

Linseed oil can be obtained in different grades: as crude 
linseed oil, old linseed oil, as linseed oil merely boiled in air, 
as standolie de Hollande, as thickened linseed oil boiled with 
litharge or with manganese peroxide. 

The crude linseed oil, when well clarified, is relatively 
light in colour and readily taken up. It is, however, a little more 
fluid than the boiled oil and spreads in slightly thinner films. 
During its oxidation it loses from 6 to 8°/, of the decomposition 
products of glycerin; for this reason it forms blisters when 
applied in the hot, or especially as long as hot. 
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The old stored linseed oil is very clear, loses little by 
oxidation, dries pretty rapidly and is superior to the just described 
raw oil, But it rarely comes on the market. 


Linseed oil, simply air-bottled (Kettle-boiled) differs little. 
from the two grades mentioned and need not further be dwelt upon. 


The oil which is designated standolie de Hollande is a 
clear oil of considerable thickness; but it dries very badly and 
can only be used as an additive in the proportion of 20 or 30°/). 


Linseed oil, boiled with litharge or manganese peroxide, 
is a comparatively thick fluid, which does not diminish in mass 
while drying, does not throw up blisters, and which requires only 
a very small quantity of artificial siccative; but it is of a very 
dark colour. We recommend this last mentioned grade of oil for 
all rust-preventing paints, when the shade of colour is not of 
importance, and when the quality of the oil can be controlled. 
The oil must be absolutely free from manganese resinate, because 
this product is subject to depolymerisation, to turn pitchy and 
to crack. 


Pigments. We will now pass to the diverse powders or 
pigments which are mixed with the linseed oil. Experience shall 
be our guide. My own experiments have demonstrated, that lead 
white mixed with inert powders such as sulphate of barium, in 
the proportions of 25, 50, 75°/, of barium sulphate, possessed a 
rust-preventing capacity which was almost directly proportional 
to the percentage of lead white. In other words, in panels of iron, 
painted under the same conditions and examined at certain inter- 
vals, spots made their appearance whose intensity was approxti- 
mately proportional to the percentage of the barium sulphate present 
in the paint. 

Lead white paints, paints containing iron oxide (iron minium), 
minium (lead oxides), or graphite have resisted best. Zinc oxide 
is far inferior to these pigments; zinc sulphide and lithopone 
(mixtures of zinc sulphide and barium sulphate) are worthless. 


Conclusion. 
In my opinion we should, in the actual state of our know- 
ledge, impose the following conditions concerning paints which 
are to protect iron structures from rust: 
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The paint should consist of iron minium'), prepared with 
boiled linseed oil*) under exclusion of essence of turpentine. 

The determination of the amount of siccative to be used 
may be left to the superintendent in charge). 

So far as my own experience goes, equally good results are 
realised when graphite is substituted for the iron minium. The 
graphite must also be reduced to an impalpable powder and should 
contain at least 55°/, of carbon. 

The quantity of powdered pigment which should be mixed 


with the linseed oil may be left to the judgment of the painters. 


1) The minium ofiron shall be ground to an impalpable powder; a model 
of a pattern apparatus for this purpose will be produced, The fineness will, in 
any case, be sufficient when the powder stirred with water and applied to a 
glass plate in the state of a fluid paste, does not allow any grains to be felt 
when rubbed with the finger. The minium should contain at least 75°/) of ferric 
oxide and be free from sulphur. 

2) The boiled linseed oil should be obtained from a clear pure oil, boiled 
with litharge or manganese peroxide, until its specific gravity attains at least the 
figure 0°939. 

3) As regards the siccative, the superintendent should make a trial, three 
or four days before the commencement of the work, by painting a panel with 
the prescribed composition, but without using a siccative. The proportions will 
have to be adapted to the suitable period of drying. That period will depend 
upon the temperature, the necessity of keeping off the dust which may be 
troublesome at the time, the urgency of applying the second coating, and other 
features, It will be borne in mind that paints which contain the minimum amount 
of siccative are the best, 
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METHOD FOR DETERMINING ELASTIC AND CRITICAL 
STRESSES IN MATERIALS BY MEANS OF THERMO- 
ELECTRIC MEASUREMENTS, 

By E. Rasch, Gro8-Lichterfelde. 

Translated from the German by H, Borns, London. 


§ 1. Object. 


The method, on which I have briefly to report, has been 
worked out in the course of the last few years in the K6nigliche 
Materialprufungsamt at Grofi-Lichterfelde near Berlin. On February 20, 
1908, Professor A. Martens brought the subject before the Kgl. 
Preu®ische Akademie der Wissenschaften!) in a meeting of 
the Physico-Mathematical Class of the Academy. 

In applying materials we should know the limits, px, beyond 
which the materials should not be stressed, lest the inelastic per- 
manent deformations should assume values which would imperil 
the safety of the structure. 

There is no general agreement as to the eget definition 
of these critical stresses which are commonly designated as elastic 
limit, limit of proportionality, or yield point. We might lay down 
as a matter of principle that specific maximum load p should be 
regarded as the elastic limit, at which the corresponding permanent 
changes in length ® just exceeded the value zero. Within this limit 
the body in question would, when submitted to varying stresses 
of any kind, exclusively undergo purely elastic deformations, and 


would thermodynamically pass through perfectly reversible closed 
cycles. 


1) E. Rasch, Bestimmung der kritischen Spannungen in festen Kérpern, 
Sitzungsberichte, 1908, X, p. 210—220, 
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The objection must be raised against this definition that the 
point at which 8 becomes > 0 will be displaced with the peuea 
of the method applied. 

Moreover, the irreversible deformations B increase continuously 
and in a regular manner in a large number of materials with in- 
creasing loads, and it is slowly and hesitatingly only, that the — 
total extensions become apparent as deviations from Hookes 
straight line» p = ¢E. In all thesecases a definite Statement asses 
the position of the elastic limit cannot be made without a certain 
arbitrariness. 

In view of the high coimertn importance of the elastic 
limit some authorities prescribe for acceptance tests, in order to 
avoid this uncertainty, that a permanent extension of 0°2°/, — a 
figure chosen in a purely arbitrary way — should be regarded as 
characterising the so-called “practical limit of elasticity“, the 
yield point, which should not be exceeded. 

Measurements of elastic deformations are at present, in tech- 
nical physics, mostly conducted with the aid of Martens‘) 
mirror extensometer; elongations Of 4/jo999) cm per scale unit 
can still be measured, and the manipulation of the apparatus 
must be granted to be convenient. All the same, the plotting of a 
complete elongation curve calls for a technically experienced observer. 

The task was hence to find a method for the determination 
of the critical stress (px) which would so far as possible be exempt 
from arbitrary interpretation and which would, as regards simplicity 
and rapidity of the measurements, meet the requirements of tech- 
nical practice. 

The electric determination of the variations in temperature 
which accompany the deformation of a specimen under external 
stress has met these requirements. 


§ 2. Thermodynamic Basis of the Method. 


The thermal changes which the stretched specimen undergoes 
have been exposed by W. Thomson (Lord Kelvin) and Clausius 
on the ground of the general considerations of the mechanical 
theory of heat’), though only for purely elastic deformations. 


1) Compare A. Martens, Handbuch der Materialienkunde, 471. 
2) Mechanische Warmetheorie, Braunschweig, 1887, vol, I, p. 196. 
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Joule (1859)+), Edlund (1865), Haga (1867), Wachsmuth and 
others have experimentally confirmed the strict validity of these 
thermodynamic deductions. Among other verifications, Edlund 
has determined the mechanical equivalent of heat from the tempe- 
rature variations in elastically stretched rods, and Hirn*) from 
the thermal changes in lead cylinders under dynamic compression, 

Thermodynamically, we may briefly argue in the following 
way when dealing with tensile tests: | 

When an elastically stretched rod of metal (length L = 1, 


cross-section F = 1) undergoes under a force p at the absolute 


temperature T a purely elastic elongation, the rod will cool by: 


i (eo 
—al aie A p degrees, : 

where « is the thermal coefficient of expansion, « is the specific 

heat of the material, expressed in mechanical terms, and m the 

density of the material. 

The test rod will, until true equilibrium is established, take up 
a quantity of heat (AQ), which is withdrawn from its warmer 
surroundings. 

Conversely, when the load is removed, the body will heat 
and will transmit heat to its surroundings by radiation and con- 
duction. 

We therefore have to deal with a reversible Carnot cycle. 

When the tension stress p is coutinuously increased, however, 
permanent deformations will become apparent in addition to 
the elastic extensions. 
, The component of the external work spent in internal 
friction (molecular rearrangement), will in any case result in a 
heating effect. It can be proved thermodynamically, and it will 
be understood on further consideration that, the equilibrium between 
the external and internal forces will be disturbed, when the work 
done in friction (i.e. heating) predominates over the work done 
in deformation (i. e. cooling). 

This critical point in the tension test is therefore fixed by 
the observation that: , 

AO, and as > 0, 


2) Théorie mécanique de la Chaleur. Paris, 1876. 
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Starting from this point, the test rod will, with increasing 
force, continue to impart heat to its surroundings. If it be per- 
mitted to neglect, in the case of a rod of sufficient length, the 
influence of the parts where the rod is gripped, the heat which 


leaves the body in the unit of time (t) —*8 is nothing but the 
radiation ® of the rod. According to the law of Stefan-Boltz- 
mann-Planck, the radiation ® = a (T!—T,‘) isa universal 
function of the absolute temperature T of the radiating surface 
and of the temperature of the surroundings T,. 

We have further to bear in mind that the specific heat c of 
the specimen will essentially influence the temperature changes 
as well as the elongation curve. According to the generalisation 
of Dulong and Petit, the product: atomic weight M by specific 
heat c, has a constant value for all metals (in thermal terms 
cM = 6°38 = constant). It appears probable hence, that there 
is a thermodynamic equation of state connecting the 
strengths of all metals with their molecular structures 
and their thermal properties, and further that this general 
equation must be of a comparatively simple form. 


§ 3. Experimental Method. 


When we measure, by means of suitable apparatus, the 
temperature of a test rod while the test is proceeding, the critical 
stress py (yeld point, elastic limit, limit of proportionality) will be 
recognised by the reversal in the temperature records. It is, of 
course, presumed that the temperature indication does not lag 
behind the stress indication. For practical purposes calorimetric 
measurements, such as have been published by H. Hort, while 
this search was proceeding, would hardly come into consideration 
therefore. 

The temperature determination with the aid of thermo-couples 
has proved both simple and reliable. The junctions may be arranged 
in different ways with regard to the specimen, without noticeably 
influencing the reliability of the results. We have used thermo- 
couples of silver-constantan, copper-constantan, iron-constantan, 
consisting of wires, about 1 m in length and 0°5 mm in diameter, 
soldered with a soft solder or with silver. 
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It has resulted that it is by no means necessary to. connect 
the soldered junction with the rod by means of metallic soldering. 
It will suffice to press the junction of the wires against the rod 
with the aid of a rubber strap or by similar means. 

The cold junctions of the couples which were clamped to 
the wires leading over to the galvanometer, were as a rule placed 
in a common oil tank. 


Pisa d, 


Galvanometers of small period and not of too large a 
resistance, having a sensitiveness of 1:10—8 ampere, will suffice 
as temperature indicators. A small Edelmann chord galvanometer 
has proved well suited for the study of rapid deformations. The 
oscillating system of this galvanometer consits of a gold thread 
of a resistance of 87 ohms and of a diameter of 0°0085 mm which 
will be deflected parallel to the scale plane, under the electro- 
dynamic influence of the thermo-current passing through it on the 
one hand, and of an electromagnetic field normal to the micrometer 
scale, on the other hand. Readings are taken with the aid of a 
microscope which is attached to the galvanometer and focussed 
on the gold thread. 


| 
Cr 
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For practical purposes it: may be more convenient to make 
the observations with the aid of a mirror galvanometer, throwing 
its spot of light on a scale. 


We have made use of an Edelmann torsional coil galvano- 
meter, attached to the wall, whose frame resistance amounted to 
4-7 ohms. Care must, of course, be taken to suspend it in such a 
way that no shaking need be feared. ‘ 


It is also important to guard the test rod and the junctions 
against draughts during the experiment. When the thermo-couple 
wires are fixed, as indicated, it is hardly possible to avoid touching 
and thus locally heating them. The commencement of the real 
test should hence be delayed until the galvanometer has come 
to'=rest. 


For these reasons a special thermo-pile, illustrated in fig. I, 
has been provided for practical work.?) 


The thermo-pile consits of an ebonite box which is clamped 
with its front to the surface of the rod. This front is formed by 
a plate of soft rubber, fitted with a longitudinal slit in the centre. 
Within this slit the nine thermo-junctions are so arranged in series 
that they do not come in contact with the surface of the rod; 
otherwise the soldered junctions would be short-circuited by the 
rod. The cold junctions are connected with the binding screws at 
the back of the box (which is narrower there) to which the 
galvanometer leads are joined. 


§ 4. Tests. 
It will suffice on this occasion. to indicate the «general 
character of the many experiments with the aid of the curves, fig. 2. 


These curves concern a brass rod which was in an annealed 
condition at the line a.- 


The stress recorder on the Pohlmeyer machine did not give 
any indication of stretching. The galvanometer curve (line a), 
however, marks the yield point as sharply defined minimum 
aly) <=> o610 ke (a4 11a. keicm=). | 


1) The just mentioned experimental arrangements are due to the physico- 
mechanical institute of Professor Edelmann at Munich, to whom I am anxious 
to express my best thanks on this occasion. 
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feet feroner curves (bp, Cc, d, ¢, [) mark in the Same way, by 
well-defined inflections, the yield points which had been 
raised by the previous loads. 
ieenets iron. tie reversal occured only at the moment of 
fracture. 
It should be mentioned that the thermoélectric method has 
proved efficient, among other instances, in determining the stress 
distribution and the position of the layer of neutral stress in 


loads 


Fig. 2. 


bending tests of girders; in this test the thermo-junctions were 
placed at different levels in the cross-section of the girder. The 
fibres stretched under load are recognised by a fall in temperature 
(—%), the compressed fibres by a rise in temperature (1%); the 
stress-strain distribution and the position of the layer of neutral 
stress (0 —=-+0) are thus indicated. It is interesting to note from 
experiments with girders provided with broad flanges (height 
h= 30cm) that with small spans the layer of neutral stress 
is displaced towards the tension side(up to e = '/, h), to an extra- 
ordinary degree. 
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ON UNIFORM METHODS OF TESTING 
PLASTER. 


Report to problem 40, by M. Gary, of Gro8-Lichterfelde, and 
R. Feret, of Boulogne-sur-mer. 


Translated from the German by Dr. H. Borns, of London. 


So far most of the mechanical tests to which different kinds 
of plaster of Paris habe been submitted, with a view of classifying 
them as to quality, have failed to yield concordant results. The 
deviations may be ascribed partly to disturbing influences of the 
methods applied, and partly to the want of uniformity in the samples. 

When we are better acquainted with the physical and chemical 
properties of calcium sulphate, in its different states as anhydrides 
and hydrates, we may perhaps find more reliable and accurate 
means of distinction in the microscopical and chemical examination 
of plaster. 

‘The Reporters are of the opinion that, at present at any rate, 
the examination of plaster and of the methods of testing it have 
not sufficiently advanced to justify their laying down rules for 
such tests. 

They have hence resolved to propose that the problem be 
left to the consideration of a subsequent Congress. 
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IX5 
THE INFLUENCE OF SMALL-SECTIONED TRANS- 
VERSE TIES ON THE STRENGTH OF CONCRETE. 
SYSTEM OF FREE TIES. 


By W. P. Nekrassow, St. Petersburg. 
(Translated from the French by A, R. Liddell, Charlottenburg. ) 


Abstract.”) 


In 1907--1908 Engineer Nekrassow of St. Petersburg has 
made crushing tests on sample cubes of concrete reinforced by 
separate transverse ties of iron wire arranged in lattice form and 
placed in the mass, the latter being mixed with scraps of iron 
wire. The following are the results of the tests: When the iron 
wires of the lattice are from 4:00 to 3:00 mm or still less in dia- 
meter, the influence of the reinforcement in increasing the resistance 
of the concrete to crushing is in every case as great as that of 
hoops; the same is the case with the scraps of iron wire when 
they are 0:50 to 0°25 mm in diameter. 

At the same time Engineer Nekrassow describes his system 
of “free ties’ in the members of a structure, in accordance with 
which he makes use of two series of independent transverse 
connections, so as to attain the most rational disposition of the metal. 

At the International Congress of Copenhagen the reporter 
proposes the following resolution: 

The Congress is of opinion that the proposals for the in- 
crease of the strength of concrete by means of reinforcements of 
the second order are of great importance. Amongst other things 
it will be of interest to know the results of the practical application 
of the system of “free ties”. 


*) The original paper is published in the supplements to the Congress papers. 
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X10 
TESTING PUZZUOLANAS TO DETERMINE 
THEIR VALUE FOR MORTARS. 


By the Chairman of Committee 11, G. Herfeldt, of Andernach o/Rh. 
Translated from the German by A, R. Liddell, Charlottenburg. 


The Committee appointed for the solution of the abore 
problem. consisted of the following members: 


Chairman: Herfe/dt, G., TraSgrubenbesitzer, Andernach: 

Vice-Cairman: Segré, C., ingénieur, directeur de 1’Institut 
experimental des chemins de fer de |’Etat, Rome. 

Members: Camerman, E., ingénieur-chimiste de l’administr. 
des chemins de fer de l’Etat Belge, Bruxelles. 

Van Bogaert, C., ingénieur principal des chemins de fer de 
Etat Belge, Anvers. 

Gary, M., Professor, Abteilungsvorsteher des kgl. Material- 
prufungsamtes, Grof-Lichterfelde. | 

Michaélis, W., Dr., Cement-Techniker, Berlin. 

Wagner, P., Ingenieur, Koln a. Rh, 

Mesnager, A., professeur a l’Ecole des ponts et chaussées, 
ingénieur en chef des ponts et chaussées, Paris. 

Feret, R., chef du laboratoire des ponts et chaussées, Bou- 
logne-sur-mer (Pas de Calais). 

Kaptein, A. P. M., Abteilungsvorstand bei den niederlandischen 
Staatseisenbahnen, Utrecht. 

van der Kloes, J. A., Professor der technischen Hochschule, 
Haag. 

Arlorio, A., Colonello nel R® Genio Militare, Direttore della 


Academia Militare, Torino. 
s 
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. Canevazzi, S., professeur a l’Ecole royale d’application pour 
les ingénieurs, Bologna. 

Cattaneo, U., ing., Capo Divisione delle ferrovie dello Stato 
presso Instituto. sperimentale, Roma. 

Ceradini, professeur de l’Ecole polytechnique, Rome 

- Giambruni, ingénieur, génie civil, Naples. 

Giorgis, G., Dr., professeur de chimie, Ecole royale d’appli- 
cation pour les ingénieurs, Rome. 

Guidi, C., ingénieur, professeur, directeur duo Cabineies 
constructions de l’Ecole polytechnique, Turin. 7 

Rebuffat, O., Dr., professeur de chimie, Ecole royale des 
ingénieurs, Naples. 

Greil, A., Baurat, Vorstand der stadtischen Materialprufungs- 
station; Wien. 

Hilinger, H., rloirat 1, avy sea 

Bogdanoff, N., ingenieur ‘aut adjoint du Labor. méc. de 
l'Institut Imp: des ing. des voies de comm., St. Pétersbourg. 

Konossewitsch, F., ingénieur des voies de comm., Labor 
méc., ot. Pétersbourg. ; ) 

Lundteigen, A., chemist, Union City, Mich. 

In recognition to the value of the Report presented by the 
Chairman ofthe Committee and of an annex by M. R. Feret, 
the IV Congress in Brussels decided to refer the problem to the 
Committee for the carrying out of further experiments. 

The Chairman accordingly sent round the following circular 
to the Members: oft he Committee: 


Andernach a/Rh., April 11 1908. 


Gentlemen 


In view of the circumstance that, after the protracted winter, 
better weather has set in. with the spring, I think the time has 
come to resume work on the investigation of the less referred 
to :us. . 

I beg, therefore, to invite the members to. take part in the 
further experiments, the details of which will be given further on, 
in order, if possible, to establish bases for agreement on points 
connected .with the solution of our, problem for the Congress 
to be held in Copenhagen in 1909. It will be remembered that, 
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in view of the fundamental differences of opinion of individual 
members of the Committee in regard to the establishment of 
proper methods of testing the puzzuolanas, it was decided at the 
last congress in Brussels to refer the question back to the Com- 
mittee, who were then to make further. experiments. 


In my statements here following, I should like to make brief 
reierenee to the more important points in the ‘results ’ of ‘our 
labours hitherto. It was, in particular, the question of the lime 
which occupied our attention, a part of the opinions taking the 
direction of applying it in the form of lime pulp or paste, while 
the remainder leant towards its use as a powder. | 


My present proposals are, that the use of lime pulp be 
standardised, because this gives a considerably higher degree of 
safety in connection with the main point, namely the slaking of 
the lime. It is of course left to the discretion of each member of 
the committee to carry out the tests with rich lime slaked to 
powder. Should several members prefer this, it will then be most 
clearly evident, which kind of lime gives the most regular results. 
In giving particulars of the results, the members are requested 
to state, in what manner and how long before use the lime was 
slaked to powder. . 

In regard to the way of slaking the lime, it will then be 
desirable to. work out a set of special rules. The most important 
jacteumta, be -here ‘taken, into: account, is; the. choice. ‘of..a:lime 
which contains at least 96°/, of CaO. At the slaking only 
thoroughly burnt pieces of the greatest purity should be chosen. 
In this manner each country could lay down definite conditions 
for a so-called standard lime. 


The storing of the lime paste, which is also a very important 
point in the lime question, would for instance take place in a pit 
specially set apart for it, and in this respect the Committee could 
very well adopt the rules decided upon by the German Association. 
These, as we know, provided that the slaking-water should stand 
for awhile above the lime, and that only the upper °/, of the 
(lime-) milk should be let into the pit, so that the less easily 
slaked parts remained behind in the pan. The milk is. then let 
into a masonwork pit built in two divisions, one of which is 
always kept filled and closed, while the standard lime from the 
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other goes to market in airtight receptacles of two. different sizes 
to be determined later. . . 

Then the degree of fineness of grinding of the puzzuolanas 
has, in the second line, been the subject of special observation, 
and experiments have already been made on it. Here I incline 
to the view, to which | have already given expression on page 31 
of my committee report of 1906, that a fineness of 30°/) — at 
most, however, of 20°/, — residue on the 900-mesh sieve should 
be required. A further fining, in particular of the Rheinish puzzuo- 
lanas (the trass) is useless, for the reason that residual particles 
of a more stoney kind only would thus be further refined, which 
have a purely mechanical effect on the mortar mixture, but not 
the chemical one which is of the most consequence for its 
technical examination. 

As I have already mentioned in the passage of my earlier 
report above referred to, the composition of the sand as proposed 
by M. R. Feret is a very advantageous one and accords with 
the conditions of practice. This Feret composition depends, as 
we know, on the distribution in equal parts by weight of the 
three following sizes: 

1. Grains which pass through a sieve with holes of 2 mm 
in diameter and remain on another one with holes of 14/, mm in 
diameter. 

2. Grains which pass through a sieve with holes of 11/, mm 
in diameter and remain on another one with holes of 1 mm in 
diameter. 

3. Grains which pass through a sieve with holes of 1 mm 
in diameter and remain on another one with holes of 1/, mm in 
diameter. 

Finally attention may be called to the question still awaiting 
decision, as to whether it is advisable to divide the investigations 
into those in which the puzzuolanas are tested with reference to 
their technical value in mortar, and those which provide bases for 
research as regards their value in building construction practice. 
In regard to this I stand on exactly the same ground as M. R. Feret 
who terms the first group characteristic tests and the second 
one practical tests. 

I have accordingly paid attention to the above-named leading 
ideas in the testing proposals which I have now formulated, and 
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I believe that, when the results or at least a part of them are 
forthcoming, we shall have advanced a step further towards final 
conclusions on the question submitted to us. I may observe further, 
that I would at once place the necessary amount of trass at the 
disposal of all the gentlemen who intend to take part in the in- 
vestigations, whenever they express the wish for it, and I shall 
be pleased if those who decide to do so will let me have word 
to that effect within eight days. 

The request for such consignment should not be delayed 
longer than this, since the date of assembly of the congress is 
approaching nearer and nearer. 


Tests. 
The tests are to include the following: 


1. Setting tests (needle tests), on material of constituent 
parts apportioned by weight: 
2 parts by weight of trass 


tof part - , lime powder, and 
o parts oN ay , trass 
to D part <*, 2 , lime powder. 


2. Strength Tests. Admixture according to weight-relation 
of parts: 
1 part by weight of trass, 
dois. DAliS. ©, ¥ ha icaiaste. 
Peary " , Sar ebei Sari. 


Payiher) the mixture: 
1 part by weight of trass, 
Do parts. %; ‘ Tie aste, 
Oy 14}; . ‘ Hitec etysard. 

While in the needle tests (setting tests) the water necessary 
to produce the standard consistency is to be added, for the tensile 
and compression tests (strength tests) all the mixtures are first to 
be made in standard consistency and then also in completely 
plastic condition, as desired by M. Feret. For the needle tests 
I have proposed lime powder in view of the circumstance that 
only small quantities of mortar have here to be mixed and it is in 
consequence more difficult to produce these in a state of intimate 
combination with lime paste. 
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For the tensile and compression tests, however, I proposed 
lime paste obtained only from rich (white) lime, in particular in 
order to be able to observe the influence exercised by a pure lime. 
All the mixtures are then to be made — this applies also in the 
case of the needle tests — on the 900 mesh sieve with trass of a 
fineness of 80°/, and with such of only 20°/). 

The Members of the Committee, then, who wish to take part 
in the tests must prepare material of this degree of fineness by the 
geranulometric admixture of the quantities required. [The manner of 
production also must conform exactly with that of the standards 
hitherto in existence. In view of the great influence well known 
to be exercised by the initial temperature of the hardening water, 
particular care must be taken that it does not fall below a minimum 
of 15° C., while, for the rest, a water-temperature averaging 15—18° C. 
is to be observed during the whole time of immersion. 

The whole of the test samples — this applies to the tensile test 
and compression-test samples — are then to be kept for one day in 
damp, that is to say in water-saturated air in a hermetically sealed 
zinc receptacle, and then immersed in water (fresh water). 

In order to preserve the tensile test samples in as Ui 
damaged a condition as possible, the removal of these from the 
moulds would have to take place not less than six hours after 
their completion. The compression test samples, on their part, 
should not be removed from the moulds till after the lapse of 
24 hours after their completion. 

In connection with this latter point | have often had occasion 
to notice that a trass sample, by reason of its high degree of 
plasticity and especially also in view of the slow initial hardening 
of this mortar, was, on account of a small deformation of its figure, 
made to show disproportionately low strength values. ‘ 


Testing Times. 


‘After 15 days 
is 1 months 
pti P AD 


” 


The tests set forth in the foregoing will in my opinion be 
such as to show, to what extent lime in the form of pulp — when 
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a lime of good pure quality is in question — lends itself to the 
determination of the technical fitness of the puzzuolanas for the 
manufacture of mortar. 

The different degrees of fineness of the trass meal will provide 
bases for consideration of the question, in how far such fineness 
is of importance in connection with the testing problem. 

The employment of smaller and larger additions of sand will 
likewise afford a contribution to the question, whether in the uniform 
testing of the puzzuolanas only one (the richer) kind, or whether 
both kinds (the poor mixture as well) could suitably be allowed 
places in the testing method. 


Jours faithfully G. Herfeldt 


In answer to this circular the following answers were 
received from the Members of the Committee. 


1. From Professor van der Kloes, of Delft, that want of time 
prevented his taking part in the experiments. 


2. Dr. Michaélis- writes: 

“Although I have, on account of my health, already severed 
“my connection with all Committees for the testing of materials, 
“T beg, notwithstanding, to make some observations in answer 
“to the last circular. 

“In the first place I may call attention to the circumstance, 
“that the expression “lime-powder* must in every case be replaced 
“py “calcic hydrate powder“; for although it may be well enough 
“understood that in this case and connection Ca(HO), is meant, 
“this is nevertheless erroneous; for lime powder alone is only CaO. 

“The mixture one part by weight of calcic hydrate powder 
“to four parts of puzzuolana is in my opinion much too poor 
“in lime. The maximum ought to be 20 CaO to 80 puzzuolana, 
“that is to say 265 Ca(HO), to 80 puzzuolana, but neither ab- 
“solutely dry nor carbonic-acid-free calcic hydrate powder should 
“ever be made use of; for nothing attracts carbonic acid more 
“rapidly than the loose, damp, calcic hydrate powder, even at its 
“manufacture and in its sifting and storing. 

“Lime paste and lime pulp keep much better when covered 
“by a layer of water (like butter when covered by brine). You, as 
“agriculturist, will no doubt be doubly ready to agree with me in 
“this. Further a mixture of puzzuolana with lime-pulp will always 
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“be stronger, because it gives a mortar that is much more thoroughly | 
“mixed, close-grained, and heavy. Instead of 20 calcic (hydrate) 
“nowder to 80 puzzuolana, then, it should be 30 calcic hydrate 
“powder to 80 puzzuolana. About 26°5 Ca(HO), will then be used 
“as an effective quantity of lime. 

“We can, of course, make the experiments as we like; — 
“uniformity is the main point; but we should certainly make them 
“with lime pulp, if the best results are to be attained. There 
“exists a completely reliable method of producing lime thoroughly 
“slaked to the finest pulp—my method. Suggest to M, Rene Feret, 
“then, that he use 75 calcic hydrate powder, 200 puzzuolana, and 
“750 mixed-grain sand.“ 

After the Chairman had brought this letter to his notice 
M AR Or eret: wrote: 

“In receipt of the copy of Dr. W. Michaélis’ letter, which 
“you kindly forwarded to me, I will not revert to the question, 
“whether lime in pulp form or lime slaked in the form of powder 
“is to be preferred for the standard test of the puzzuolanas. All 
“possible arguments for and against the two methods, have, I 
“believe, already been adduced; every member of the committee 
“had them in full view, and has probably formed a clear and 
“decided opinion on them, which can be shaken only by convincing 
“experiments. The question will, moreover, not be finally solved 
“until it has been established by experiment, in which of the two 
“conditions the lime for the test can be obtained and continuously 
“kept with the exactly-determined percentage of pure Ca(OH), 
“most easily. 

“With reference to the mixing-proportions of calcic hydrate 
“and puzzuolana, I am not aware of the considerations on which 
“Dr. Michaélis bases his opinion and the figures proposed. 

“The mixing proportions proposed by me are based, not — 
“upon theories, but upon experiments in which I established the 
“fact that this mixture in general yielded the strongest mortar. 
“Furthermore, | subsequently checked it, and it may be seen from 
“the Table D, given in my Brussels report, that the mixture of 
“{ part lime with 4 or even 5 parts of puzzuolana almost always 
“save higher strength than those which contained only 8 parts of 
“the latter material; still less satisfactory must be the hardening 
“with the mixtures 80: 30, 200 to 75, or 26,7 as Dr. Michaélis 
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“now proposes. The figures given in the Chapter N of the same 
“report also show, that if we start with the mixing-proportion 1:4: 15, 
“which I was led to propose, and increase the percentage of lime 
“at the expense of that of puzzuolana, which means a shifting of 
“the point N with reference to the side CS parallel to the side PC, 
“a diminution of the strength of the mortar almost always results.“ 


Professor Gary writes: 


“I am obliged by your circular concerning Committee No. 11 
“of the International Association for Testing Materials, and in reply 
“beg to say that, while holding the institution of experiments as 
“proposed to be highly desirable, I am extremely sorry that I am 
“personally not in a position either to make the desired tests myself 
“or to have them made by others. The Konigl. Materialprtifungsamt, 
“also, before which I have laid your proposal, is not in possession 
“of means for conducting tests of so extensive a nature. Perhaps 
“the Minister der offentlichen Arbeiten in PreuBen may be prepared 
“to place at disposal the means necessary for the carrying out of 
“the experiments; meanwhile a petition to this effect can be ex- 
“pected to elicit a favourable answer only if those interested in the 
“matter — in this instance the owners of the trass mines —- also 
“contribute towards the expenses. Moreover, that such contributions 
“would be forthcoming, is also in this case uncertain. 

“Under these conditions I shall be obliged if you will strike 
“my name off the list of the Members engaged on the International 
“Association’s Problem 11.“ | 


6. Director C. Segré, of Rome, writes: 

“In answer to your circular of last April addressed to the 
“Members of the Committee for the solution of Question 11, I beg 
“to inform you that the studies on the puzzuolanas in this Testing 
“Establishment of the Italian Railways (Instituto Sperimentale della 
“Ferrovie) have been carried on in accordance with the principles 
“which are put together in the accompanying memorial published 
“by the Italian Company for Materials of Construction. These 
principles are in general agreement with the views of M. Feret.“ 


7. A. Lundteigen writes: 

,1 duly received your circular letter of April, and also letters 
“of May 12th, and May 13t4, in reference to standard tests for trass 
“or puzzuolana, as used in mortar. 
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“There is not now enough time to make any tests; besides 
“my apparatus is all made according to English Standards, and 
“therefore not so easily comparable with the metric system. 

“It would seem to me that your proposition, as outlined in 
“your letter and corrected according to Mr. Feret's suggestions, is 
“entirely satisfactory, and I have no doubt that we, in America, will 
“in due time adopt the same, or similar rules for the testing of Puzzuo- ~ 
“lana, when used in mortar. | 

“As far as I know, this material is not at present used for 
“this purpose here, but I have reason to believe that it will be 
used very extensively in the future.“ | 

From the rest of the Members concerned with Question 11 
no answers have been received. 

Since none of the members have applied for trass and the 
reporter has received no notice to the effect that experiments 
have been made with other puzzuolanas in the manner proposed, 
we have unfortunately made no further progress with the solution 
of our question. It will probably also be a very difficult matter to 
establish uniform testing methods for the different puzzuolanas. In 
almost all countries in which puzzuolanas are found in considerable 
quantities special testing methods are already prescribed, which, 
although at times differing widely from one another, yet fulfil their 
purpose of determining the mortar-value of these materials for 
practical use in the countries in question. 

The undersigned accordingly moves thatthe standards 
established in the various countries for the testing ofthe 
puzzuolanas, be collected and made known to the members 
of the International Association. A uniform method of 
testing, the results of which, obtained at different places 
and in different countries, can be compared one with 
another, can, to be sure, not be laid down, because the 
use of several kinds of lime and of sand respectively 
renders this impossible. 
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O ON THE CONDITION OF THE CEMENT o 
BLOCKS IN SOME OF THE RUSSIAN PORTS 
O IN THE BLACK AND CASPIAN SEAS. O 


Abstract by W. Czarnomski, St. Petersburg.’) 
Translated from the French by A. R. Liddell, Charlottenburg, 


The results of the expedition undertaken in 1904 by Engineer 
W. Czarnomski and Professor A. Baykoff to the ports of the 
Black and Caspian Seas with the object of visiting the piers and 
Sea works and of studying the action of the sea water on cement 
mortar have been set forth in the inofficial report, made to the 
Brussels Congress in 1906, entitled ,Sur la maniére dont se 
comporte le ciment dans l’eau de mer.“ 

Unfortunately, in consequence of an unexpected delay, the 
photographs of the different blocks and structures, taken during 
the expedition referred to, were not inserted in the report to the 
Brussels Congress. 

In the report presented to the Copenhagen Congress in 1909 
this deficiency is made good by the publication of the photographs 
together with a detailed description of the structures and of the 
blocks tested in the various Black Sea and Caspian Sea ports 
visited during the expedition of 1904. 

Visits were paid to the piers and protective works at Petrovsk 
Poti, Odessa, Novorossisk, Theodosia, and Jalta, as well as to the 
dry docks and basins of Sebastopol and Baku. The 26 photographs 
of the various places, accompanied by a description of the structures 


1) The original report is published in the “Supplements to the Congress 
Documents,“ 
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and of the blocks tested, give a fairly complete idea of the condition 
of the concrete work, and lead us to the conclusion that the dis- 
integration of cement blocks in sea water shows itself in two ways. 
In the first of these, the material, subjected for the most part to 
weak mechanical action, becomes covered with a more or less | 
thick crust of carbonate of lime, and the disintegration occurs, 
not at the surface, but in the interior of the blocks; in the 
second case the blocks are exposed principally to the direct action 
of the waves, and are rubbed and worn down by the latter, so 
that they lose their corners and edges and finally assume surfaces 
of a more or less rounded form. The chemical reactions, which 
tend to destroy a block, consist, as shown by Mssrs. Chatelier, 
Michaelis, Feret, and others, of hydrate of lime near its outer 
surface, and of hydrate of magnesia and probably sulphoalluminate 
of lime in its interior. 
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XI3 
THE USE OF REINFORCED CONCRETE 
BESIDE THE SEA. 


(Preliminary Communication.) 


By Prof. M. Moller, Brunswick. 
Translated from the German by A, R. Liddell, Charlottenburg. 


On one of the sandbanks (Watts) of the North-Sea I had 
occasion 13 years ago to erect a small structure made of plates 
at a point not far from Husum, in order to test the use of reinforced 
concrete in the higher zone of the daily changing ebb and flow 
of the seawater-level. As shown by Fig. 1, the side view of the 
structure is of trapezium form; it has a ground area of 225 * 300 cm 
and a height of 80cm. The lateral covering is of plates 7 cm in 
thickness with round iron reinforcements 8 mm in diameter. The 
plates were made by Messrs. Drenckhahn & Sudhop, of 
Brunswick, of a mixture of 1 part by volume of cement, 2'/, parts 
sand, and 2 parts crushed shingle. 

The plates were erected in March, 1896, their age being 
about 40 days. On the evening of the 14th., as the sea ebbed, 
the foundations for the plates were laid by lamplight. A small 
ditch 25 cm in depth was dug in the muddy sand of the Watt 
and filled with freshly-mixed concrete of 1 part cement, 3 parts 
sand and 8 parts shingle. At night the site was under water. 
At 6 o’clock on the morning of the 15th. the work was con- 
tinued. The erection of the plates began at half past seven and 
was completed in 21/, hours. The joints were first coated at the 
side with cement-mortar of 1 part cement to 2'/, parts of sand. 
Finally pure cement was poured into the circular grove within the 
joint. At the base the plates were provisionally supported in a 


ae.619 


framework of wooden laths 5 cm square in section, which rested 
on the pure concrete foundation and was made fast to the ground 
with stakes. Within the structure a floor of fresh concrete was 
laid. The space within was then filled with mud from the Watt, 
a clayey, easily moved sand, and on this the covering of fresh 
concrete 5 cm in thickness was laid. At 2 p. m. the sea water, 
now rising, came up to the finished structure. At its extreme level 
: the water on this occa- 

pple arte recat Oe ert eee) SLOT) TOSG any aca 

he Saver a ZX height of 85 cm above 

the lower edges of the 
plates, since it was held 
back by easterly winds. 
On the following after- 
noon the structure was 
ras completely under water, 
ALLP ired ea | To. harem eee | and during the night of 
eat ee | the 17th. the high tide 
: rose with a brisk WNW. 
wind to 1 m above the 
top of the covering plate. 
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Fig. 2 shows details 
of the structure. The iron 
reinforcements projected 
from each plate at its 
joint in the form of eyes 
or loopsinsuch a manner 
that the eyes from the 
adjacent plates stood one 
above another. A con- 

Fig. 2. necting round iron bolt 

15 mm in diameter was 

passed through these from above. In way of the joints, again, 

wooden casings in the form of troughs were placed against 

the plates and filled with concrete from above, so that the eyes 

and their bolts were embedded in it. At the upper edges, also, 

of the plates the eyes projected in like manner to enable con- 

nection to be obtained with the reinforcements of the covering 
plates. 
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In the sequel it appeared that the concrete produced in situ 
hardened only for a time, and afterwards became soft when damp 
and friable when dry, and that whitish efflorescences were formed 
on its surface. The action of the waves, accordingly, made holes 
in the covering-plates of the little structure in less than 4 years after 
its erection. At first the holes were patched up again, but this 
process was afterwards given up. In order, however, to reduce 
the washing out of the fine-grained muddy sand filling, a layer of 
coarse sand was laid on the top of the cover. 

I am acquainted with several other cases in which concrete 
or cement-mortar, that was brought in contact with sea water too 
soon after its production, has become soft and developed whitish 
efflorescences, as, for instance, the mortar of a lighthouse foun- 
dation which had been lowered in the form of a well, and, in 
another case, a ground-sill made of concrete rammed in the 
building-pit for a bank-protection covering, and again concrete 
coverings made on ground that was soaked with sea water during 
a previous flood. In three cases the official in charge of the work 
put the question in my presence to the contractor, whether he had 
put plaster of Paris in the cement, seeing that the material had 
become so white. The cause of this phenomenon, however, lay in 
the destructive action of sea water on freshly made concrete, of which 
I myself was first made aware by my experiments described above. 

While the freshly-made concrete did not prove satisfactory 
in the structure, and the upper iron reinforcements, which on its 
destruction were laid bare, very soon rusted through and disappeared, 
the plates themselves, the concrete forming which was 40 days old 
before coming in contact with the sea water and. had therefore 
already become hardened, behaved exceedingly well: and the iron 
reinforcements of the latter behaved equally well, so far’as their 
condition could be ascertained. The surface of the concrete plates 
had only become somewhat rough. This little structure is to be 
surveyed in September of this year and then taken down. The 
plates, which have now been subjected to the actions of sea water 
and air alternately for 13 years, will be preserved, one of them 
in the laboratory of the Verein Deutscher Portlandzement-Fabrikanten 
at Karlshorst, near Berlin, another in the. mechanical laboratory 
of the Technical College in Brunswick, and a third in the Cement 
Construction Works of Messrs. Holm & Molzen in Flensburg, 
which firm assisted in the building of the experimental structure. 
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WEATHERING RESISTANCE OF BUILDING 
STONES, 


Report of the Chairman of the Committee, Prof. A. Hanisch, Vienna. 


(Contributions by Professor Dr. J, Hirschwald, of Charlottenburg, Prof. Dr. 
H, Seipp, of Kattowitz, and M. E. Leduc, of Paris.) 


Translated from the German by A. R. Liddeli, Charlottenburg, 


The Zurich Congress of 1895 propounded the following 
questions for study: 

Question 7. 

emAppreciation.of the connection. existing, between 
the chemical composition of the natural building stones 
and their resistance to weathering. Investigation into 
Mieetaience of the. smoke, gases, .especially,.of sul- 
phurous acid. 

De Wiethods ior the. examination .of .the quality, and 
ir pasdicular of the resistance to-weathering of. roofing 
Slates. 

As a result of the welcome entrance into the Committee, 
since the Brussels Congress, of the following gentlemen: 

Gary, M., Prof., Gro8-Lichterfelde, 

Hirschwald, J., Prof., Dr., Geheimrat, Charlottenburg, and 

Leduc, Ht. E.,) Paris. 

The constitution of the committee appointed for the study 
of this question is as follows: 

Chairman: Hanisch, A., k. k. Oberbaurat. and Chief of the 
Versuchsanstalt fiir Bau- und Maschinenmaterial at the k. k. Techno- 
logisches Gewerbemuseum in Vienna. 
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Vice-Chairman: Lariviére, P., Engineer, Paris. 
Members: Djyetrich, E., Professor at. the -Technische Hoch- 
-schule, Berlin (Germany). 

Cary, M., Professor and Head of Department in the Kénigl. 
Materialprufungsamt, Grof-Lichterfelde, West. 


Glinzer, E., Dr., ordentl. Lehrer at the Gewerbeschule und 
Baugewerkschule in Hamburg, 

Hirschwald, J., Dr., Prof., Geheimer Regierungsrat, Chief of 
the Mineralogisch-geologisches Institut of the K6nigl. Technische 
Hochschule of Berlin. 


Seipp, H., Dr., Professor and Director of the K6nigl. Bau- 
gewerkschule in Kattowitz. 


' Leduc, E., Chef de Section at the Laboratoire du Conserva- 
toire des Arts et Metiers, Paris (France). 
Vogt, H. L., Professor of the University of Christiania. 
Kennedy, A. P. W., F. R. S., London (Great Britain). 
Sremens, A., London. 
Greil, A., Baurat, Manager of the Stadt. Materialprtifungs- 
station, Vienna (Austria). 
Kournakoff, N., Professor, Institut des ingénieurs des mines, 
St. Petersburg (Russia). 
Lamine, N., Professor, attached to the Inst. des ing. des 
voies des comm, St. Petersburg. : 
Maluga J., Professor at the Académie des ing. milit., Sankt 
Petersburg. ¢ . 
Perrimonde, Engineer, St. Petersburg. 
Wikander, A., Professor, Géteborg (Schweden). 
Crubenmann, Dr., Prof. at the Eidg. Polytechnikum, Zurich 
(Switzerland). 
Lunge, C., Dr., Professor at the Eidg. Polytechnikum, Ztirich. 
Wartha, V., Dr., Professor at the K6nigl. Polytechnikum, 
Budapesth (Hungary). ae 
Kemp J. F., Geologist, Professor at the University of New- 
York (United States of N. America). 
Merriman, M., Consulting Engineer, 45 Broadway, New-York. 
To the report. laid before the Brussels Congress in regard to 
the progress of the work of Committee, the following addition 
must. now be made: 
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The Members of Committee No. 7 some time ago expressed 
the wish, that the publication of the work of Herr Regierungsrat 
Professor Dr. J. Hirschwald should first be awaited. The im- 
portant work by this author, entitled “Die Prufung naturlicher 
Bausteine auf ihre Wetterbestandigkeit’*) (The Testing of 
Natural Building Stones in regard to their Resistance to Weather- 
ing), recently issued, which was written at the instance of the 
Prussian Ministerium fiir offentliche Arbeiten, would now be in 
every sense excellently adapted to serve as a basis for the dis- 
cussion of the newly established standards. 

Since, however, the Deutscher Verband fur die Material- 
prufungen der Technik (German Association for Testing 
Materials), following up a suggestion made by Herr Landes- 
Geologe Dr. Leppla, has appointed a special committee for the 
solution of the same question, which consists of professional men 
of note, and which has begun its work with the support of the 
Jubildumsstiftung der Deutschen Industrie, it seemed fitting, to 
await the results of the labours of this association, so that these 
also might be made to serve as bases for the discussions of the 
Committee. - 

Although, then, it was not possible at this stage to approach 
the Congress with a piece of Committee work, let alone with 
definite proposals, the Chairman wishes at least to place on record 
a series of suggestions and questions which have issued from the 
circle of the Committee Members and will have to be taken into 
consideration in connection with the study of the resistance of 
stones to weathering. 

Thus Herr Geheimrat Prof. Dr. J. Hirschwald, in his letter 
of January 2"4, 1909, after pointing out that the real questions 
entrusted to the committee had received exhaustive treatment in 
his work above named and observing that he would leave to the 
Committee to decide, in how far the problem had thereby met 
with its solution, writes: 

“I beg to propose the following as new questions, the 
“discussion of which by the International Association would be 
“urgently desirable: 

,l. The examination of as large a number as possible of 
“stones of old buildings by the method made use of by the 


*) Wilhelm Ernst & Sohn, Berlin, 1908. 
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“Committee of the Prussian Ministerium der Offentlichen Arbeiten, 
“in order to determine whether the estimates of the properties of 
“stones thereby formed also hold good for stones which show a 
“considerable degree of variation from the composition of the 
“materials hitherto investigated. 

“2. The drafting on the simplest possible lines and in 
“accordance with the results of work hitherto carried out, of an 
“investigation schedule adapted for use in the material-testing 
“establishments. 

“3. The framing of rules for the choice of the test materials 
“{orbe shanded tin’ toidhe testing establishments for examination 
“and for the preparation of the sectional drawing or description 
“of the section of the quarry in question.” 

Geheimrat Hirschwald was himself so good as to prepare 
a testing schedule such as that mentioned under No. 2. This has 
appeared in the form of a supplementary pamphlet to the Congress 
Publications, but a perspicuous abstract is attached to this report 
as an appendix. This testing schedule, which combines all the 
testing methods in accordance with the present state of science, 
is to be welcomed in the warmest manner possible, and is herewith 
submitted to the judicial consideration of the Members of the 
Committee and of the Association. 


A matter of special importance would seem to be a thorough 
discussion by the Members of the Committee of the curtailed 
tests of resistance to weathering (dissolving and disintegrating 
tests) such as those laid before the Internationa! Association by the 
Member of Committee Director Professor Dr. H. Seipp, and for the 
improvement of which he submitted proposals to the Brussels Congress. 

Not less desirable would seem to be «he taking up of a 
position by the Committee in regard to the institution of tensile 
strength experiments in the testing of building: stones for resistance 
to weathering, and the answering of the question whether after 
a frost the stones should be submitted to the strength tests in the 
dry, the wet, or the frozen condition. 

In relation to this question a valuable ‘study “Zur Theorie 
der Frostwirkung auf nattirliche Bausteine” (On the theory 
of the action of frost on natural -buildiag stones), by Prof. 
Dr. H. Seipp has been received by the Chairman, and is likewise 
attached in abstract to the report of the Committee, while the 
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comprehensive study itself has appeared in the Supplementary 
Pamphlets. Prof. Seipp therein repeats his demand that before and 
after.the frost tests the compressive strength experiments should 
in future be replaced by the tensile strength and shearing strength 
experiments, and calls attention to the various influences on which 
the nature and degree of the frost action depend, such as size of 
pore, form of pore, distribution of the pores, and capacity of the 
stone for absorption of water and softening. 

A valuable suggestion is contained in the contribution made 
to the proceedings of the Committee by M. E. Leduc, Head of 
Department at the Laboratorium des Arts et Metiers of Paris, 
under the title “On the determination of the Resistance 
of Stones to Frost’, which is also attached, in full, to the report 
as an appendix. 

M. E. Leduc here submits the frost-resistance tests to critical 
examination and proposes a new accelerated frost-resistance 
method which he recommends to the Congress for re-investigation 
by scientists in different countries. The method recommended by 
him, which is fully described in his report, is as follows: The 
test samples (cubes of 70 mm length of side) of natural stone and 
fire-brick, are dried at a temperature of 100° C. till a constant 
Weight is attained. (It would be advisable to put conglomerate 
stones under a bell with sulphuric acid or to dry them at a tem- 
perature of 40 to 50°. The success of the latter operation however, 
is doubtful.) The :test samples are then immersed in water to 
a height of 20 mm. Following the level as it rises by the capillary 
action, water is added every half hour. When completely saturated, 
they are covered wjth water and weighed. Should the saturation 
not be visible, or should it be only slowly attainable through the 
surfaces of the cubes, these latter are entirely immersed in water 
for a period of 8 hours, reckoned from the beginning of the ex- 
periment. After an immersion of 24 hours, reckoned from the 
beginning of the experiment, the cubes are immersed for 4 hours 
in a solution of chloride of calcium of the density of 1°30 at a 
temperature of —15, and four hours later in water of + 15°C. 

The three works; referred to, for which the Chairman here 
expresses his warmest thanks, were received by him at the eleventh 
hour, so that it was not possible for the Committee to devote 
their attention to them; they are to form the bases of further operations. 
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Finally the Chairman wishes here to recall the questions and 
suggestions, which Professor E. Dietrich, of Berlin, some time 
ago submitted to the Committee, and which are in part reproduced 
in the suggestions received from other quarters. These run as follows: 


1. Is it, as stated with reference to homogeneous masses in — 
a publication by Martens (Berlin), a matter of indifference also 
for investigations on stones, how large the test samples are. I cannot 
bring myself to this conclusion. 

2. The quarry-owners send samples from their best beds, 
but they make use of the inferior ones as well. Of what use, 
then, are the test certificates? Should not, when a number of samples 
are submitted, a certificate be given by some local authority stating, 
whether the quarry shows a like quality of material through-out, or 
whether the samples are taken from the beds that are being worked? 

3. Is is not necessary, in the production of samples from 
sedimentary rock, to pay attention also to the stratification, and 
to state whether the compression or tensile test, as the case may 
be, will be made in a direction parallel-with the stratification, or 
at right angles to it. 

4. Is the parallel guidance by the two screws of the Tet- 
majer machine so reliable that an upper joint plate, which is 
apparently wanting, can be done without? Even though the 
screws may, in the beginning, be exactly alike, they may wear 
unequally after years of work. | ; 

5. In the case of frost tests the magnifying glass should 
always be made use of, in order that alterations on the surface 
of the materials may be more easily recognised. Shall this not be 
universally prescribed, and also the microscopical examination of 
slices as advocated by Hirschwald? 

The Chairman believes that he can express the hope, that 
by the study of this knot of questions and by the payment of the 
greatest possible attention to the excellent works and proposals 
of Geheimrat Prof. Dr. Hirschwald, as also in view of the results 
to be expected from the Deutscher Verband ftir die Material- 
prufungen der Technik, it will be possible to work out definite 
proposals for the next Congress and thus to arrive at a good 
solution of this difficult question also, He accordingly moves that 
the Congress entrust the Committee with the further conduct 
of the work, in’which attention will then be given to all 
the suggestions referred to in the foregoing. 
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XII2 
SCHEMES") FOR TESTING NATURAL BUIL- 
ASS. STONES AS TO THEIR WEATHER. 
' PROOF. QUALITIES. 


By Professor Dr. J. Hirschwald, Berlin 
Appendix to the report of Committee 7. 
Translated’ from the German by A. R. Liddell, Charlottenburg. 
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a Tests to| be applied | 


Graywache 
Limestone 
Porphyry 


Crystalline Slates |f 


Granitic Stones and |} 


Roofing Slates} 


oO 
S 
oO 
~ 
W 
>) 
a 
o- 
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“f. Microscopic Stone=Analysis}): 


a) Nature of grain-formation . . . . la | la | la | — |] —/] — |} — 
b) Binding-number and measure of 

binding (Page 259). 2 2. wre. Pb} ib} —~| — | — | =} -- | 

| pO Cc), Mineralogical nature of the con- 

tact, pore, or basal-cement . . . fein ct a 
d) Type of stratification’ (Page 256, | 

Plates: IV. ry and IV_b) | Be atten et CC Re a is eee ee ee 
e) Percentages of er aia consti- | 

tuents and cement (Page 141)......] le |, le |-- b— GSR ean eee 


ah f)., Mean diameter. of, the granular 
constituents and are’ of them 


_.  .petsq..centimeter (Page £20). 7. A) 16 ted fC IE. le Lite | — 
g) Special: conditions of intergrowing 
! (Contact surfaces,continuity, Page 446) NE ber ester | 
h) Type of structure (Pages 442 to 
o446,.595, and 639); 2 - 6. vee -| | | th | —.| dh | th) thy 
P ‘Differing intercalation (Page 4AT) . FA | PS lI aN ee eee a iat) 


1) The pice numbers given are those of the work: “Hirschwald, Die Priifung der 

| natiirlichen _Bausteine ‘auf ihre Wetterbestandigkeit®. (Hirschwald: The Testing of the 

it ‘Natural Be ie Stott as to their Weatherproof Qualities). W.Ernst & Sohn, Berlin 1908. 
» A detailed fore has’ been published as a “Supplement to Congress 


reports. 
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Tests to be applied 


Kind of porosity (Page 447) 
Micro-Structure of the mica layers 
(Pages 587 and 540) . : 
Morphological development of the 
mica layers (Page 537) 
Thickness of the mica 
(Page 540) . : 
Number of these to 1 mm of. section 
Detrimental accessory constituents 
Degree of weathering ofthe feldspat 
or of the other constituents 
(Page 598) 
Structure 
“loose“) ay 
Degree of silicification 

Percentage of so-called Giaee 
-Basis (Page 642) 


layers 


(From “compact™ ato 


. DeterminationofPorosity and of 

Capacity for Water-Absorption: 

a) Absolute porosity (Page 149) 

b) Relative. porosity 

45) (water - absorption 
different pressures) . statis 

c) Determination of the sation. 
coefficient S (Theoretical Frost- 
Test, Page 152) ; 

d) Determination of the Distribution? 
coefficient V (Page 157) . 

e) Water Absorption from the cleavage 
surface (Page 547) 


152 


at 


(Pages 
and 


. Colouring Test (Pages 165—169) . 


. Determination ofthe Strength 
of the Grain-Adhesion (Pages 266 
and 326) 


bo 


Sandstone 


2b 


2c 


2d 


Graywache 


2a 


2b 


Limestone 


lr 
ey ls} 1s 


Qa | Qa 


2b 


2d 


Granitic Stones and 
Crystalline Slates 
Porphyry 


2a’) Ba 


2b 
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Tests to be applied 


Sandstone 
Graywache 
Limestone 
Porphyry 


Roofing Slates 
Basalt 


(ranitic Stones and 


~ 
o 
ares 
n= 
— 
TR 
2 
—| 
—— 
— 
os 
— 
Ee) 
a 
ad 
c—) 


5. Determination of the Capability 
of being softened in Water: 

a) by means of tensile tests in a dry 
state and after continued immersion 
imiwaters(Page, 266), oo°1 Yar. . Ba | 5a | 5a | — (ov. Salev. 5a ev. Dall 

b) by tests of hardness under ihe 
foregoing conditions (Page 196) . | — | — l[ev.5b| 5b | — | — | — 

c) by sediment-analysis (Page 200) . je.5c) — | — | — |} —); — |] — 


6. Tests by Heating (Pages 590 
i pate Cee ee bs} — |} — | — | 6} — |; —)| GI 


7. Experimental Frost Tests with 
varying Degree of Water-Satu- 
panto (eseratayiowtie 2b k 4. 7 7 7 7 lev. Tlev. Tjev. 7 


8. Chemical Tests for Separate 
Constituents (FeS,; Carbon and 
its Combinations; CaO, MgO, FeO, 
Fe,O3, COs, Al,O3) according to the 
Rrvawersvone 9) Seed ods ON RS es ee ae a ae 


9. Determination of Quality ofthe 
Stone under Investigation 
according ‘to-the particular 
Veluatvon-schenre fiji 5.04 0401. ee een Oo) ba Oe D1 VG) 
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Comparison of the Testing Method hitherto in Use with that 
Now Proposed. 


Method of Testing hitherto New Method of Testing 
employed 
1. Determination of Porosity, Ad 1. Supplementary Process con- 


sisting in the determination 
of the Water-Absorption in 
a vacuum and under a high 
degree of pressure, or by the 
Determination of the Water- 
Absorption fromthe cleavage- 
surface. and .of the. sec- 
tion. Calculation of the satu- 
ration-coefficient S and of the 
distribution-coefficient V.. 


2, Compression Tests on the Stone Ad 2. Supplementary or alternative 
in Dry Condition and after process, consisting in the 
Continuous Immersion in Water, making of strength tests) in 


which the. test-results are 
referred to the sum’ ofthe 
surfaces of adhesion, for the 
purpose of determinig - the 
strength of grain-adhesion, 

3. Experimental Frost Tests. Ad 3,, Eventual supplementary tests: 
with different.. degrees’ of | 
water ‘saturation, : : 

In addition: 


4. Microscopic Analysis of the 
Stone, 


5. Ev. Levigation Analysis and 
Colouring test. 


6. Chemical Examination for indivi- 
dual constituents (FeS,, [Ca, Mg, 
Fe]CO3, Fe,O3, Percentage of 
Clay, Carbon-Compounds; Beha- 
viour of the “Glass - Basis“ 
[if present] in Volcanic Stone, 
under the action of acids), 
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XITa 
tl] ON THE THEORY OF THE ACTION OF 0 
FROST ON NATURAL BUILDING STONES. 


By Prof. Dr. H. Seipp, Kattowitz, Upper-Silesia. 
(Abstract from the Original Report.)1) 
Appendix to the Report of Committee No, 7. 
Translated from the German by A. R, Liddell, Charlottenburg. 


Prof. Dr. Seipp reiterates the plea formerly made by him 
that the compression test be in future replaced by tensile and 
sheating tests made before and after the frost tests, and calls 
attention to the various influences which determine the manner 
and degree of the action of the frost, such as size of pore, form 
ef pore, distribution of the pores, faculty for the absorption of 
water, and softening capability of the stone. 

It is an indispensable requirement for the setting up of 
frost action, that the formation and growth of ice-germs are 
unable to proceed unhindered. In accordance -with this, stones are 
frost-proof, 1. when the cavities communicate with each other 
by means of equally wide or only slightly varying outward-leading 
connecting passages, that are either straight or of a regular 
flattened form, 2. when the size of the pores is so small through- 
out, that the formation of ice is impossible, 3. when the width 
of the pores is exceptionally large, so that the entrance of water 
in sufficient quantity to cause ice-pressure appears out of the 
question, and 4. when great strength possessed by the material 
itself offers a certain guarantee against the action of the ice 
pressure. 


1) The original report appeared in the form of a supplementary pamphlet 
to the congress publications, 
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Of a still more manifold kind ‘are the possibilities of danger 
from frost. Prof. Dr: Seipp shows the influence exercised by 
the relative positions and the distances apart of the cavities in 
the stone on the strains set up (compression, tensile, bending and 


shearing strains), and by the help of assumed,.figures illustrates — 
the characteristic processes of, and the forms assumed by 


possible frost damages, such as abrasion of the surface, the 
phenomenon of the destruction of edges and corners, the formation 
of cracks, cleavages, and cavities, the exfoliation etc., etc., by the 
simultaneous appearance of which the most wen pictures of 
‘stone destruction are produced. 


In the next-following section Prof. Desseinn eports on the — 


influence exercised on the ice-pressure by the degree of 
fulness of the pores and by the contraction of the stone. 
Since the coefficient of ~space-extension of the building stones is 
at least 3’/, times as small as that of the ice (ap = 15 X 10—°), as 
soon as an ice formation has appeared, the wall pressure of the 
pores will, on further cooling, somewhat abate. True, as Professor 
Dr. Seipp shows by means of a calculation, the abatement can 
only be of insignificant amount in comparison with the original 
degree of the ice-pressure. 


‘If we assume that at the ordinary temperature (+ 15° C.) of 
the space in a stone-pore V a part -V’ of the latter be filled with 
water, the requirement for. frost- -proofness may be taken to be 
v' $0:91058 X v — that for danger of frost v‘ > 0:91058 X v. 


: The degree of fulness of the pores, the part borne by 
_which is characterised by the foregoing formulae, can be -experi- 
mentally determined by the proportion 4 
Pw Water Absorption Capacity _ 
(Py 23 - Porosity 


Prof. Dr. Seipp shows how these two last mentioned 
quantities may be determined, and places them in relation to the 
influence of the softening undergone by the stone while . being 
damped through. From the tensile, shearing, bending, and com- 
pression strengths (8’) in the original dry state, the tensile, 
shearing, bending, and compression strengths (8) in the softened 
condition, and finally the tensile, shearing, bending, and com- 
pression strengths (6') under the influence of frost, the author 
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forms the coefficient of softening ) and that of weakening by 


‘dd 


frost (=): as also the frost-proot coefficient in case of softening 


(F) as measures of the resistance of the stones to the action 
of frost. 

Prof. Dr. Seipp advocates that the determinations of strength 
be made after previous thawing (freezing and thawing being made 
to alternate 25 times), since damages that are probably not 
discernible till after thawing has taken place, are produced before 
the frost period, even though damage may possibly be in some 
cases produced, during the rising and falling of the temperature, 
by means of the high coefficient of expansion of ice under heat. 

Finally Prof. Dr. Seipp discusses the question of the strength 
values for the poreless material, which might be termed the “real 
strengths’. The strength tests now in use only give values for 
the strengths of the material with its cavities, which might be 
termed the “apparent strengths”, 

The determination of this apparent strength is entirely correct 
only in reference to the tensile strength of the stones under the 
action of frost. Almost the same may be said of the determination 
of the shearing-strength. On the other hand a discrepancy between 
reality and experiment shows itself where bending strengths come 
in question. In drawing attention to this circumstance, Dr. Seipp 
has lately given the first impulse to the resort to tensile and 
Shearing experiments in connection with frost tests, and has at 
the same time forshadowed a series of new investigations of his 
own for the determination of the limiting values of the stresses 
really set up in the materials by frost action, and the improvement 
of his apparatus for the “accelerated agent test’. 
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THE DETERMINATION OF THE GELIVITY 
OF STONES. 
Appendix to the Report of Commission 7, by E. Leduc, Paris. 


gore sibs 
04690090584 


® 


Translated from the French by H. Borns, London. — 


If there is a test of incontestable utility for the value of 
building stones, it is certainly the determination of their capacity to 
resist the action of frost. Yet there are few tests so difficult to 
carry out, changing so much from laboratory to laboratory, and 
so much subject to different appreciations.") 

As J. Marva y Mayer points out in the communication on 
the estimation of gelivity which we have already quoted, there is 
no agreement as to the manner of drying the stone, nor as to the 
imbibition, nor even, we must add,-as to the congelation, or the 
method of procedure in effecting the thawing. 

We have made an attempt to work out an outline of suitable 
methods for such tests and we have for this purpose sub- 
mitted a fairly large number of stones (81) recognised in practice 
as being much, little or not liable to suffer from frost, to different 
tests, in which we varied the manner of immersing and of freezing. 

All these tests?) — except a few made on fragments with 
sharp projecting edges — have been carried out with cubes 


1) Not to render this report too long, we have refrained from describing the 
different modes of operation, which the reader will find without much trouble 
in the reports of the Conferences held at Berlin, Dresden, Munich, in the detailed 
memoir submitted by J. Marva y Mayer to the Paris Congress of 1900, and 
in the report presented by Gautier to the Commission on Methods of Testing 
instituted by the Minister of Public Works. 

2) It is owing to the kindness of Mr. Civet-Pommier, that we have 
been enabled to conduct this investigation; he has been good enough to place 
the specimens at our disposal, and we can not thank him too much, 
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carrefully cutwith neat edges having approximately a side length 
of 70 mm, taken from blocks of 400 by 400 mm. 


Desiccation. 


As the complete desiccation at 30 or 40° may take days and 
even weeks, we have chosen a temperature of 100°, which ensures © 
a rapid desiccation without any trace of disintegration. 


Density. Specific Gravity. Porosity. 


We have determined the density, specific gravity and the 
absolute porosity of the specimens. 

The specific gravity has been ascertained by means of the 
Le Chatelier-Candlot voluminometer the powdered material 
being passed through a sieve having 900 meshes per cm?. 

In order to determine the absolute porosity, that is to Say, 
the difference between the specific gravity and the apparent density, 
we have taken as density the mean of three results. 

As the specific gravity of stones varies little, whilst their 
apparent density varies notably, it follows that the absolute porosity 
is all the greater, the smaller the apparent density. 


Saturation. 


We have applied two methods to ensure saturation: saturation 
by capillarity followed by immersion, and saturation in vacuo. 


Saturation by Capillarity and Immersion. In this 
procedure the cubes were placed in receptacles and immersed to 
a height of 20 mm. Every half-hourwater was addedto the receptacle 
until its water level reached up to the height which the capillary 
ascension had attained; this height is easily recognised. The 
process was continued until the upper surface of the- cube 
was completely imbibed. The cube was then entirely covered with 
water, and, half an hour later, wiped and weighed. The difference 
in the weights of the wet and the dry cube gave the amount of 
water absorbed by capillarity. , 

These imbibition tests prove that two cubes, cut from the 
same block of stone, may differ sensibly, according to the method 
employed and to the nature of the stone. 

Moreover, the absorption is not complete even after four 
weeks of immersion under water, since of all the specimens tried 
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only Nr. 767, 769, 781, 782, 784 and 788 show an increase. of 
less than 0°01 per cent at the end of four weeks of immersion. 


Absorption in a Partial Vacuum. 


For the saturation tests under the influence of a vacuum, 
the specimens were placed in a small autoclave, joined toa water 
pump. A depression of 60 mm of mercury was maintained for 
30 minutes. Water was then admitted very slowly, and the vacuum 
was maintained for an hour. 

On glancing through the columns of the tables the reader will at 
once notice that the amount of absorbed water determined 
immediately after these tests was very sensibly higher than the 
amount taken up by complete immersion, even after 4 weeks of 
submersion. If the specimens Nr. 771, 773, 778, 779, 782, have 
yielded smaller values, these differences must be ascribed. to the 
nature of the stone, i. e., to its want of homogeneity. 

We may hence conclude, without risk of making a mistake, 
that the proportions of water absorbed under the influence of a 
partial vacuum is sensibly higher than the amount absorbed during 
an immersion under water prolonged for four weeks. 

The vacuum test may be regarded as yielding the maximum 
amount of absorbable water; for when the specimens of test series 
6 were left immersed for 24 hours and for a week, an insignificant 
increase only was noticeable. ” 


Relation between Density and Amount of Water absorbed, 


The tests bring out, what was to be foreseen, that the stone 
will absorb all the more water, the less dense it is, or the greater 
the amount of empty spaces enclosed — the specific gravity being 
understood to remain the same (Table A). 


Congelation. 


The cubes!) ready for the freezing tests were placed within 
a cell of galvanised iron (an exception was made in test Series. 1. 
in which the specimens were directly plunged into the brine of 


1) Some experiments were made with fragments of smaller volume than 
the others; the edges were neat, however, and the angles right angles, as in the 
latter cases,. . 
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calcium chloride). The cell was lowered into a solution of calcium 
chloride kept at — 15 or — 18° C. by means of a carbon dioxide 
refrigerator. | 

Eight different methods were applied as described below. 
In all these processes the time is reckoned from the beginning of 
the imbibition. 

1. The cubes were dipped into the water to a depth of 20 mm; 
water was then added every half-hour until the water level reached 
up to the height attained by the capillary rise. The cubes having 
completely been imbibed remained covered with water, were 
weighed, put back into the water, weighed after 24 hours of 
immersion, and then placed in the cell of the freezing apparatus. 

2. As in 1, but with an immersion of 48 hours instead of 
the 24 hours of 1. 

3. As in 1, but with an immersion of 1 week instead of 
24 hours. 

4, As in 1, but with an immersion of 4 weeks. 

5. After having been saturated with water in a vacuum, the 
cubes were at once weighed and then placed in the cell of the 
freezing apparatus. 

6. After having been saturated with water in a vacuum, the 
cubes were at once weighed, then immersed for 24 hours, and 
weighed again. They were afterwards immersed once more for a 
week, weighed a third time, and now placed in the cell of the 
freezing apparatus. 

7. After having been saturated with water in a vacuum, the 
cubes were weighed and then at once plunged into the calcium 
chlorids brine of the freezing apparatus. 

The thawing was effected in all these experiments, by placing 
the cubes, when taken out of the cells of the freezing apparatus, 
for four hours in distilled water of + 15° C. The cubes were then 
taken out again and stored in a hermetically closed vessel of glass, 
to be put back again into the cells of the apparatus the following 
day; before putting them back again into the cells, however, the 
cubes were once more immerged for 5 minutes, in order 
compensate for the loss of the water which had evaporated 
during the various manipulations. 

On examining the results obtained we see at once that the 
test 7 is extremely severe. Only one single stone No.4 (apakmee 
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been able to stand this treatment. All the stones (except specimens 
No. 766 and 782) failed at the first thaw. 


The saturation process in the vacuum, followed by an immer- 
sion of one week, likewise eliminates almost the whole number 
of stones. 

It is to be noticed, however, that No. 784, although a very 
porous stone of small density, which absorbed a large amount of 
water (14°85 per cent), has stood this test. 


Saturation in a vacuum, not followed by immersion, is a 
less severe, bot more rapid test than the preceding. ‘This test 
shows, how a small excess of absorbed water suffices to bring 
about the disintegration of a stone. For in test 6 the stones have 
absorbed very little more water than in test 95. 


The other tests are fairly equivalent, so far as we can judge 
from experiments with materials which are so little homogeneous. 


It should be pointed out that, whatever the mode of opera- 
tion, the result does not correspond to the amount of absorbed 
water. Thus, to give an example, one stone (No. 785, test No. 4) 
has been able to absorb 19°12 per cent of water without any 
danger, while other stones have been disintegrated, although they 
had only taken up a very slight amount of water. The statement 
of this fact is indeed logical; a very porous stone may prove 
stronger in a tensile strength test than a far less porous stone. 


Finally, certain stones which in practical use are classed as 
not subject to damage from frost (767, 775, 776, 778, 780, 789, 
794, 795) have not stood any of these tests, while others, classed 
as liable to suffer from frost, have resisted some of the tests to 
which they were submitted. 


These tests (columns 1 to 7 in Table B) are not in accord 
with the experience gained in practice.1) This will easily be 
recognised when we compare the results condensed in the columns 
1 to 7 with the observations marked in column 10 of Table B. 
We have therefore thought that, by modifying the process suggested 


1) Information as to the practical value of the stones which we examined 
has been given us by the Chambre Syndicale des Entrepreneurs de Maconnerie 
du Departement de la Seine, which has made an extensive enquiry in order to 
supply us with the practical detail. We are under the greatest obligatoin to the 
Chambre and in particular to its president, Mr. Villemin, 


OR eee 


X14 


by Marva.y Mayer, in the manner indicated below, we might 
atrive at practical results. 

The cubes (column 8 of Table B) have undergone gradual 
immersion for 24° hours; they have then been plunged directly 
into the brine for 4 hours and afterwards been thawed for four 
hours.in water of + 15°C. . Every operation has been performed 
once only. Column 9 reproduces the data of cubes treated in the 
same way as those dealt with in column 8, except that the 
immersion lasted 48 instead of 24 hours. The results obtained by 
the two methods differ so little that we will only discuss the data 
of column 8, ‘24 hours’ immersion.. 


When we «compare. the results -of this test (8) and the 
practical experience (10), we notice that. practical experience and 
test are in reasonable agreement. 

This method. of operation is extremely rapid, since the whole 
procedure occupies exactly two days. 

It will moreover be understood that the tests as usually 
conducted are faulty as to the method itself, For the results will 
differ with circumstances to which attention has not been drawn: 
the specimen may touch the metallic wall of the freezing cell 
be more or less close to it, and the, volume of air left in the cell 
will vary. 


Peprounon 


On the strength of the research which we have undertaken 
we beg to propose that the Congress nominate some experimenters 
from different countries for the purpose of investigating the mode 
of operation indicated below in experimenting on different materials. 


The specimens (cubes of 70 mm side) shall be dried at 100°, 
until their weight be constant. This is to be done with natural 
products and with baked specimens (agglomerates will best be 
placed under a bell containing sulphuric acid, or be dried at 40 
or 50° C., although this method of drying [between 40 and 50° C.] 
is of doubtful reliability). The specimens shall then be dipped: into 
water to a depth of 20 mm. Water is to be added every half-hour, 
until the level of the water comes up to the height reached by 
the capillary rise. When completely imbibed, the cubes shall be 
covered with water and weighed. In cases where imbibition should 
not be discernible, or when it should attain the top of the tube 
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vety slowly, the specimens shall be covered with water after 
8 hours of imbibition, counting from the commencement of the 
operation. 

After 24 hours of immersion, counted from the commence- 
ment of the operation, the cubes shall be suspended for 4 hours 
in a solution of calcium chloride of density 1300, maintained at 
— 15°C. After this time the cubes shall be withdrawn and 
plunged for 4 hours into water kept at + 15°C. 

This interval having passed, the cubes shall be withdrawn 
and examined as. to their condition. 
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Density (means of 
3 cubes) 


Number 


2°4356 
2°2960 
2°1650 
2°1340 
20450 
2°0630 
2°2690 
2°2510 
1°7530 
1°6110 
1716 
1-803 
1-909 
2147 
1761 
2°235 
2°401 
2:087 
2'006 
1738 
1°753 
1:709 
1°616 
1671 
1628 
1584 
1601 
1680 
1°628 
1631 
1°506 


Specifice gravity 


absolute Porosity 


0:2444 
0°500 
0:554 
0°645 
0°629 
(:239 
0-445 
0:927 
1:064 
0-960 
0:898 
0:790 
0:525 
0:926 
0:452 
0:298 
0614 
0:700 
0°952 
0-951 
0°993 
1-088 
1:008 
1-044 
1123 
1:087 
0 994 
1:047 
1:057 
1:179 


Summary 
1 2 3 4 
Gradual] Gradual | Graduat | Gradua 
Sih eues of Imbibition | Imbibition | Imbibition } 
ne 48 hours of | 1 week of | 4 weeks of 
ah ee ca Immersion | Immersion | Immersion } 
absorbed! condit. fabsorbed condit. Jabsorbed) condit. {ahsorbed| condi. | 
- wator of | water | of | water of | water | of | 
°/) specimen] ©/9 specimen{ °/) specimen} °/9  speciment 
1°16 shui? 1-24 sane 1-48 ieee 1-01 chang’ 
3°42 3°46 4°95} 25 4°8 | 25 
6°22) 8 S73) 4-F 5:26 change 5°97| 17 
(alia 7:22) 25 9°64) >» 714) 14 
8°83 sbnaae 8°47 ang 9°01; » | 10-09 Ri 
9°64) > 8°59; > 9°08} » 9°84)» 
BOT as 4:56} > 3°38] >» 6°54) >» 
2°68} > S51), > 4°47)» 4°66) >» 
13:98} 25 !12°95| 21 {15°46} » |14°93) 25 
17°56; 4 |1851; 9 [19°17) 11 1|20°39) 6 
11.90} 7 |1451) 6 |16°68;| 7 11613) 5 
10°02; (7 | 10°59) 138 | 1019) 15 41¢55) see 
11:08} 20 |12:08| 14 ]11°64) 5 |11-53) 12 
7-24) 10 | 7-19) 24 | 726) ging. 7°66) 7 
12°93; 7 11822) 10 11454) “S965 7ee 
6:08) 21 7°82 shite 6°92 Sey 5°95) - 6 
3°80} 22 9°64: > 4:00} 22 4:09} 7 
718} 16 9°69). 41 9°22 Pe — 1 
11:03 ease 10°40 Dials 13°67 aes 9°58} 21 
LOLs 17°40) >» 17-99) 23 | 19-05 i 
15°64} > | 17°34) >» | 17°61) 20,1 18°69] ainge 
11°05| .» [11°17] >» [12:22] 58 °118-0aiaee 
6°33, » 6°60 > 8:00 > 8:21 > 
17°31) 6 |15°32| 5 [16°88) 12° | 18 46peee 
26°73," 2 11761) 21S Sie — t) 
18°38} 28 118-73) 25 — 25 |21:07| 4 
a 16 aa 23 — 25 |19°72) 4 
— changed — 18 — 201)} 17°96] 12 
17°03] 17 .[17-34| 20 |18°69| 3 |20:20) 4 
15°32} 25 |15°51/ 18 |17°03) 21 |17°86) U1 
_ 161)} — 131)} — 9 | 23800 =ae 


1) The number in the column; “condition of specimen“ indicate the number of 
thawing processes which effected the disintegration of the specimen. For example: 9 means 
that the specimen under test began to disintegrate under the 9th thaw. 
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of the Tests. Table A. 


| aed i 7 8 9 
Sap Imbibiti Imbibition Graduai | Gradual 
imbibition | Pre en In vacnd | Imbibition} Imbibition Practical 
; in vacuo : A 
in Sn ecimen 24 hours | 48 hours 
1 week of Spectme) rs ; Fealuation 
vacuo immersion | plunged into | Ofimmer-} of immer- 
brine rat ae of the stone 
absorbed! condit, Jabsorbed| condit. Jabsorbee! condit, | Specimen Specimen 
water | of | water; of | water | of plungod plunged 
O/, specimen} 9/9 specimen| O/, |specimen} into brine | into brine 
— eine 2°38 me 2°65) 15 | no change | no change frost-proof 
— |}°25 | 482) 23 | 5:35) 1 a = : 
— Ge lecol 5 fb Oa! 1 — — ; 
Tiomeeo 11S'32)) 16 | 9:66) - 1 1 L a 
10°43 iiss 10°29) 12 | 10:35) . 2 5: if ‘ 
WOT | 9°81} 25 |10:99| 1 iL 1 sensitive to frost jf 
61510, 703; 5 | 666) 1 | nochange | no change { eee eae 
S155. 6°09 ee 87 ‘aide ., fe frost-proof 
cote te1teoo| ol PIsTG £ * 1 
2326-1 12525), 4. | 2778) -L 1 i 
18241 38 11868) 4 119-92) 1 | uo change 1 : 
1412' 7 |1667| 4 |i736, 1 | — = 
e297 | 13°61). 4 | 10°59) 1 — aS frost-proof 
5 62) Sande 8°63; 13 | 5:79). 2 = = » 
frog oo | ie OT) 4. |} 12) I no change —— a 
732 18 | 788) 10] 7387, 1| 1 Te eee I 
3:88} 4 | 446 8 | 3:50) 2 | nochange | no change z 
1002 19 |10°25| 24 | 9°95) 1 i 1 : 
14°25) exange | 14°33 change | 12°63| 1 1 1 : 
a LICE. — |.24 |19:08) 1 1 3 sensitive to frost 
2013 25 119°87) 23 11910) 1 1 | * 
20-25} 1 119-08) 22 |18°94; 1 | nochange | no change frost proof 
2839: 1 11907) 24 |2081) 1 » " » 
2a G4 i (2257) o1 |19°87| 1 ef 1 ” 
23°09 1 | — D2)) 22725) 1 — — sensitive to frost 
eeu) 1 124769) 15 | 30°82) 1 i B , 
23°52 1 122°70; 6 | 21°37; 1 —- - 
21:29 1 | — BEV EO Lies sk — = " 
p27 00). 1) 123°00|-- 6 | 23:01) u 1 frost-proof 
21:96 -1 | 22°68) 11 |20:82| 1 — = . 
28°57; 1 | — 11} 26°64, 1 _ — sensitive to frost 
1) The numbers in the column “condition of specimen“ indicate the number of 


thawing processes which effected the partial disentegration of the specimen. 
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Recapitulation of 
_ Designation 


Gradual Gradual Gradual Gradual imbibition 
Number | Imbibition | Imbibition Imbibition Imbibition 


24 hours of | 48 hours of | 1 week of | 4 weeks of 


Immersion Immersion Immersion Immersion 


ta.) 
OOO s GO; Ox O 
@: (OO! 7O 
0.0.0.0 


Note: O : Specimen has stood the test. 
—— : Specimen has not stood the test. 
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Frost Tests. 


of the Test. Table B. 
6 7 8 9 aaa 10 
ste Gradual Gradual 
Mainicon wee Imbibition | Imbibition 
Seton 24 hours of | 48 hours of Practical 
in vacuo immersion immersion 
ia. ; : evaluation of the 
1 week of Specimen plunged Specimen Specimen 
; into brine A plunged plonged stone 
Immersion into into 


calcium chloride 


the brine the brine 


O a fe) fe) frost-proof 

ce erg! cae = Spee eS ” 

ysay ee Bein a ” 

ar —— iL pi : 

as aaa 1 1 as 

ae —— Be i sensitive to frost 
cc com O O { rane rete AAG 
fe) fe) fe) fe) frost-proof 
ae —— fe) 1 pe 

SS —— af 1 . 

oe cae O 1 


| 
| 
, 


frost-proof 


| 
| 
} 


( 
2 
¢ 


” 


ae ce Sina oi oO esse ” 
—— ive Pit 1 1 ae to frost, if the quarry 
water has not been thrown off. 
ae aime ae oO O ” 
2 aa — 1 Al = 
.e) —. 1 uh 
=— —= 1 1 sensitive to frost 
sare eee 1 1 ” 
= == fe) O frost-proof 
TS 77 72 oO O ” 
pak is 7 1 ui ” 
—— — ~~ ~~ sensitive to frost 
Se ae 1 a ” 
a. wr ee aa 4 ” 
ae ate aries naa >) 
— a 1 1 frost-proof 
ere cae Pinte oy Sie ” 
— — ~~ ~~ sensitive to frost 


Note: ~~~: Specimen not tested.” 
1: Specimen failed at first thaw. 
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XIT2 
NOTES ON TRASS, TRASS-CEMENT AND 
CEMENT-LIME MORTARS. 


By Dr. techn. Heinrich Renezeder. 
Translated from the German by H. Borns, London. 


(From ‘Mitteilungen des Mechanisch-technischen Laboratoriums der k. k, techn, 
Hochschule in Wien*,) 


The following mixtures of mortars have been investigated 
in the mechanical and technical Laboratory of the k. k. Technical 
High School at Vienna. 

1. 1:2trass T,+1:0 powdered lime K,-+ 1°75 sand 8, 


2 FO cement Z)7 Lb 1-= ~,, x eign We tates 
er eee ie COU yO ne 
4, 1:0 trass  T, +10 powdered limeK, +10  , Xs 
pees: CPt 15 shh, PISO: 4 eh Ss 
AS Baia Ve 2:0 kK ay i eee Oo 
(fon a To +066 lime dough». K,+10 3, Se 
Se iel 24 Jie pal Vigesess f Kea: a oe 
peueee. . T2020 Co, Keto Ss 
1 ee) sl geet T, + 1:0 cement Z,+ 0°66 lime dough Ky + 


+ 5:0 sand Sg 

11. 1:0 cement T, +3°0 sand 5, 
BA Ons, 2, 48:02) S,) ok, bielimes dough? Ky) + 
+ 1:5 trass T, + 1°75 sand 8g] 
13. 1:0 (cement Z, + powdered lime K;) + 3 sand 8,; 
Pe Kk, == (Dp. 2°9 
14. 1:0 (cement Z, + lime dough K,) + 3 sand 5,; 
Zeke 20 
15. 1:0 (cement Z, + lime dough K,) + 3 ‘brass: Tg4 
Hes) Kee C0 £2; 
16. 1:0 (cement Z, + lime dough K,) + 3 Trass ad: 
te Keg it ORs 20 
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17. 1:0 Roman cement R + 3:0 sand S, 

18. 1:0 Roman cement R + 1:5 sand S, + 1°5 trass. 

Specimens were prepared from these mixtures for the de- 
termination of the strengths under tension, compression and bending, 
of the permeability to water, and of the elasticity. 

The following strengths in kg/cm?, among others, were 
found after three months of storing under water. 


Mixture Crushing Bending Mixture Crushing Bending 
No. strength strength No. strength strength - 
i 123°5 27°38 10 433 3 39°19 
2 143 8 32°18 11 233-0 56°74 
3) 188°9 29°60 12 168°5 38°61 
4 152:7 33°69 13 189°3 37°56 
5 128°2 32°53 14 173°7 37°44 
6 SUB be 22°93 15 311°5 BL-01 
7 137°5 36°50 16 2876 23°98 
8 120°3 26°03 phe | 1872 26°32 
9 86 3 26°09 A615 40°5 10°52 


Pt. 


The elasticity was determined under compression stress in 
prisms, 16 cm in height and 4 by 4 cm in cross-section. 


The following moduli resulted: 
ERAT SOMETIMES 


Calculation based Calculation based upon 
Mortar No. upon the total compression the purely elastic deformation 
(E min.) (E max.) , | 
4 35-800 | 49-700 
2 70500 91°10 
3 86°400 93°600 
4 86100 162°000 
5 63°500 124°800 
6 68:°400 110°500 © 
ff 47-000 63 900 
8 74:200 90°100 
9 26°700 81°800 
10 113-000 145°700 
11 103 500 141°100 
12 63°600 102-400 
13 59°900 68°400 
14 55°800 89°500 
15 70°000 91°700 
16 56°700 67°200 . 
17 36°200 59-000 
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The adhesion was only determined for the mortar mixtures 1, 
2, 3, 4. The relatively most favourable results were obtained with 
the trass mortars. The permeability to water was ascertained with 
slabs of 5 cm thickness; the following volumes of water measured 
in cm® passed through the slabs per hour under a pressure of 
2°) atmospheres. 


Mortar No. _ Mortar No. 
oe ee ODT Ppp 2") 
ees. 4 | fimemure D1 
ern erg 251 Tree se 09 
4 0-15 Pomtts Ace el 
) 0°38 Tage, 14 
ere et a) Tipe Ce 0 
TH te 2 OAS BGS Gare. 0°05 
8 iT Ge ios een bos o 
9 2°3 [Sue eee UG 


Remarks and Conclusions. 

Better results were obtained when the calcic hydrate was 
applied as a powder, which was mixed with trass in the dry and 
then only wetted, than when the lime had previously been watered 
in the pit. 

The samples of the mortar mixtures 12, 13 and 14 show a 
very satisfactory agreement in their several tests. 

Though the addition of lime to Portland cement somewhat 
decreases its strength, il reduces the rigidity of the cement sand 
mortar. 

The author arrives at the following conclusions: 


1. When mixed with the proper proportions of calcic hydrate 
Portland cement mortars appear, as regards strength, elasticity and 
permeability to water equivalent to the trass cement mortars which 
the late Professor Intze recommended for the construction of dams. 

2. Portland cement can be rendered more waterproof by sub- 
stituting trass for sand. 

3. The adhesion appears better with trass mortars than with 
Portland cement mortars. 

4. As regards the addition of calcic hydrate, a well-slaked 
powdered lime answers better than lime in the doughy condition. 
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XIII 
CONTRIBUTIONS TO THE METHODS OF 
TESTING THE ELASTIC ALTERATIONS IN 


THE LENGTH OF CONCRETE. 


By Dr. Ing. Béla v. Bresztovszky, Budapest. 
Translated from the German by Dr. H. Borns, London. 


Peiniroducition: Wher the load is taken-off a specimen, 
whose length has been altered by an axially acting force, one 
portion (= i, elastic alteration) of the resulting change in length (A) 
will disappear, another portion (= Am, permament set) will remain, 
and } must of course be equal to }g-+-Am. When we determine 
two of these quantities for any force Pi, which lies between zero 
and the breaking load, and plot the results on some system of co- 
ordinates —- in which the ordinates represent the forces, and the 
abscissae the alterations in length — we obtain the stress-strain 
diagram of the total change, comprising the elastic alteration and 
the ‘:permament set. That the various elasticity tests which have 
been published!) differ in their results, is explained by the different 
méthods in which the stress-strain diagrams are determined. In 
some of these tests the loads were repeated; others were conducted 
entirely without repetitions. Frequently insufficient attention is paid 
to the peculiarities of the permanent set which experimenters try 
to eliminate. | 

My tension tests have been conducted in the laboratory of 
Professor v. Nagy, partly with the object of studying the influence 


1) Compare the researches of Bauschinger, Durand-Claye, Hartig, 
Souleyre, Osterr. Gewélbeausschufs (Committee on Vaults), v. Tetmajer, 
Joly, v. Bach, Considere, Feret and others. 
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of repetitions, and partly for the purpose of obtaining stress-strain 
diagrams: I. with repetitions, II. without repetitions». 

2. Specimens and General Arrangements. All the 
80 specimens were concrete prisms of square cross-section, length 
of side 15 cm, length of specimen 60 cm, length between gauges 
43 cm. The specimens were prepared from four different mixtures 
in iron moulds and suitably treated until submitted to the tests. 
The experiments were conducted at ages of 1, 2, 6 weeks, 5, 9, 11 
to 17 months and 11/, to 2 years, partly with a 100 ton Werder- 
machine, partly with a 500-ton press. Readings were taken with a 
Bauschinger mirror apparatus, tenths of a micron being estimated. 


1. Tension Tests with Repetitions. 


3. The Tests. The load was in every case raised from an 
initial value Po, as a rule approximately 1 ton (= 4°44 kg/cm?), 
with very hard materials 5 tons, within one minute to the final 
value P;. The removal of the load was effected within the same 
interval. The rate of increase in the load was therefore greater for 
_ the larger forces. Load alternations were made 80, 50 to 100, and, 
when the lengths were not determined, frequently from 200 to 
300 times. At first I determined the alteration in the length for 
each single load, later only after 5 or 10 repetitions — since the 
additional strain for every single load became very small. After 
completing a series of experiments with repetitions the specimens 
were submitted to loads such that the force increased uniformly 
(by 1 ton per minute); in this case the alterations in length were 
determined for each additional ton. 

4, Results. a) It is usually assumed that a number of load 
alternations will transform the material into a constant state, in 
which the material turns “perfectly elasctic‘ and in which the 
h, he, Am attain certain limiting values. When we plot curves in 
which the abscissae are the increments Ad, Ade, Adm, and the 
ordinates the number (n) of repetitions, these curves, which we 
will briefly call repetition curves should become parallel to the 
n-axis, when the limit values are attained. The resulting curves 
(e. g. Pal, H 20, H88) show that the increments become smaller 
with increasing n, but that a constant condition is not reached with 


1) Accounts of most of these tests have appeared in the Zeitschrift des 
Ungar, Ingenieur- und Architekten-Vereines “Kézlény*, 1907 and 1909. 


Bl. tes. 
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from 30 to 100 repetitions of the force which constituted from 
'/,, to °/, of the breaking load. The existence of such limit values 
would hence in general appear to be doubtful. 

b) When we construct the stress-strain diagram for the uni- 
form load increase after the repetitions (as mentioned in section 3 
of this paper), we obtain a curve which is essentially a straight 
line up to a P, = limit, that is to say, the already loaded body 
displays a certain proportionality between the force and the alte- 
ravom in tenoth. ‘The ordinate, of the Py, == limit. increases with the 
number of previous load alterations; it may even exceed the magni- 
tude of the repeated force. The angle of inclination (%) of this 
straight line diminishes with an increasing number ot repetitions; the 


. a Lay ; 
elongation coefficients a = E will therefore grow correspondingly. 


II. Tension Tests without repetitions. 


5. The Tests. In order to separate. the elastic component 
and the permament set, Professor A. Rejt6 interrupts the loading 
process (by uniformly increasing loads applied without shock), 
when a certain force P; has been reached; he then takes off the 
load, again applies a greater load, and so on. The curves obtained 
after removing the load start as straight parallel lines, by means of 
which the two components can be distinguished, Proceeding in this 
way, I increased the load in my experiments from the initial load P, 
(compare section 3) uniformly up to P,, without shock, and then redu- 
ced the load down to P, again; P, >P, was afterwards applied, and 
the operation continued until fracture ensued. The constant rate 
of increase of the load was in the case of hard materials, 25, tons 
(about 11 kg/cm?) per minute, and in the case of less hard materials 
1 ton per minute. Readings on the mirror apparatus were taken 
at the end of each minute; thus the alteration in length was as- 
certained not only for the beginning P, and the end P; of each 
load application, but also for each intermediate load of one ton. 

6. Results. a) The plate illustrates some of the stress-strain 
diagrams secured in this way. The experiments concern the materials 
H 35, H29, H11, H14, H25 and P2, the breaking loads being 
respectively 11:5, 17, 20, 26, 62:1 and 101 tons, corresponding to 
51, 75:5, 88°9, 115, 276, 448 kg/cm?. The fully drawn lines join 
the experimental points, the dotted oblique lines indicate the removals 


SEN sl 
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of the load, the horizontal lines fractures. The forces P are marked 
in tons (t), the contractions in microns. 


These specimens had not been stressed before the tests. The 
stress-strain diagrams are convex curves when looked at from the 
P axis; on removing a load the diagrams starts as a straight line 
Which passes into a convex curve. There was hence no pro- 
portionality between P and 2 at first; such a proportionality ex- 
tending up to a certain limit, P, < P, was however called forth 
already by the first loading. After each removal of the load 
we have, so to say, to deal with a new material, which 
can do less work than it could perform. in the previous condition, 
and which moreover possesses an initial proportionality, an initial 
hardness. 


b) When we compare the directions of the several straight 
lines, we observe that they diverge considerably from one another 
with less hard materials (e. g. H 85, H 29, etc.) and that they become 
more horizontal with increasing force. In harder materials fey 
H 25, P 2) the lines are almost parallel to one another. It follows 
that the elongation coefficients («) increase in materials of small 
hardness with increasing force, while they may be regarded as 
constant in hard materials. The latter assumption appears all the 
more justified as the difference in the « values was always found 
to be smaller in a hard material, than in two materials produced 
from the same mixture. ¥ 


c) Loads which remained below a certain limit of pro- 
portionality Pz, already established, yielded relatively very small 
permament aoe When we neglect these components, we can regard 
the straight line portions of the curves which, in the strict sense, 
are the stress-strain diagrams of the total contraction (A) as re- 
presenting exclusively the elastic contraction (Ae). In other words: 
below a certain limit of proportionality, previously - 
attained already, the elastic alterations in length are 
proportional to the forces. 


The elongation coefficient of the elastic alteration in length 
(%) can be calculated from the angle (~) which the straight line 
makes with the A-axis. For a material of. small hardness we have 
hence diverse a values, which will be the greater, the higher the 
respective P, limits; for forces below the P, limit the a will be 
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constant. With hard materials we may substitute the sin 
for the various #, without falling into any essential error. 
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7. Conclusions. a) When we compare the angles of in- 
clination resulting from the series of experiments I and Il, we find 
that — owing to the want of homogeneity in the material — there 
is a greater difference between the angles of two specimens, si- 
multaneously prepared from the same mixture, than between the 
angles corresponding to repetitions. From the practical point of 
view it is therefore simpler and also justified, if we accept that 
figure as the coefficient of elongation which results from 
the tests conducted without repetitions under a uniform 
increase of the load without shock. 

b) The concrete which has been submitted to these tests 
therefore displays the following regularities: 

1. In the case of the material of small hardness, in the 
illustration: a), the law of purely elastic contraction may, 
with sufficient accuracy, be expressed by Hooke’s law. 
The coefficient of elongation oj, which is constant below 
the limit Pai, depends upon the force Pj which caused the 
proportionality. 

2. In the case of the harder material, in the illustration: 
b), the law of purely elastic contraction (A) may be ex- 
pressed by Hooke’s law, in which the elongation coefficient 
retains a constant value almost up to fracture. 

3, The law of the permanent contraction (Ayjaouam 
both cases represented by curves which are convex as 
viewed from the P-axis. 
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XIV1 
OUTLINES OF SPECIFICATIONS FOR THE 
SUPPLY OF OILS FOR TECHNICAL APPLI- 
CATION. 


Report by the President of Commission 39, Dr. Max Albrecht, 
of Hamburg. 
Translated from the German by H. Borns, London. 


A resolution of the Brussels Congress referred the study of 
the Problem: “Principles of Specifications for the Supply of Oil 
for Technical Application“, to an International Commission which 
constituted itself as follows in the beginning of the year 1908. 

President: Dr. Max Albrecht, Hamburg. 

Vice-President: E. Camerman, Ingénieur en Chef au Labo- 
ratoire de l’Arsénal de |’Etat, Malines, Belgium. 

Members: A. Jakobsen, Chemist to the Royal Danish State 
Railways, Copenhagen B. 

Dr. Holde, Professor, Gro®-Lichterfelde, Berlin. 

Hav. Buch, Engineer to the Norwegian State Railways, 
Kristiania. 

Dr. R. T. Glazebrook, Director of the National Physical 
Laboratory, Teddington, England. 

P. Breuil, Chef de Section des Essais de Métaux au Labo- 
ratoire du Conservatoire des Arts et Métiers, Paris, 292 Rue 
St. Martin, 

H. Baucke, Amsterdam, Da Costakade 104. 

H. Cattaneo, Aide du Directeur de l'Institut expérimental des 
Chemins de Fer de |’Etat, Rome. 

Josef Grossmann, Austrian Nordwestbahn, Vienna. 


XIVi 


R. Kind, Messrs. Kind & Herglotz, Aussig a. Elbe, Austria. 

Gebriider Sulzer, Engineering Works, Winterthur, Switzerland. 

A. Hf. Gill, Professor at the Massachusetts Institute of Tech- 
nology, Boston, . 4 
| Hf, A. Julius, Engineer for designs and Tests, Government 
Railways (West-Australia Dept.) Midland Junction, Western Australia. 

Owing to the late constitution of the Commission and the 
need of discussing and fixing the method to be adopted in a 
general meeting — which, it is intended, will be done at the 
Copenhagen Congress — the Commission has not as such been 
able to enter upon its duties. 

The President of the Commission has, however, compiled a 
summary of the “Principles of the Testing of Mineral Lubricating 
Oils“, adopted by the German Verband fir Materialpriifungen 
der Technik, to serve as a basis for the work of the Commission. 
This summary has been published for the guidance of the members 
during the deliberations. 


Extract from the Principles of Testing Mineral Lubri- 
cating Oils. 
(As accepted by the German Verband fiir die Materialpriifungen der Technik in 1907.) 
A. Chief Tests. 


I, Transparency. The transparency of the oil in a thin stratum 
is to be determined by letting the oil run off from a glass surface. 

II. Specific Gravity. The density is determined by the usual 
methods (with the aid of officially standardised areometers, pykno- 
meters, the Mohr balance, or the alcohol float method). The standard 
temperature is + 15° C., the unit of mass water at + 4° C. 

III. Consistency of Cylinder Oils and similar Thick Oils 
at ordinary Temperature. For ordinary works practice it is 
sufficient to determine the consistency in a test tube, 15 mm in 
diameter, filled to a height of 10 mm. A first test is to be made 
without heating, a second test after heating the oil for 10 minutes 
in a bath of boiling water. Immediately after this preliminary 
examination both samples are for one hour kept in a water bath 
at the temperature, which will afterwards have to be borne in a 
practical service. The test tube is then inverted and the consistency 
determined. 


| 
bo 
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IV. The Fluidity (Viscosity) has to be determined with the 
aid of Engler’s apparatus (compare Holde, Untersuchung der 
Mineralole etc., Berlin, 1905: Julius Springer, p. 100). In the case 
of thick oils the test may be abbreviated by reducing the amount 
of oil whose delivery into the receiving flask is watched to 50 or 
100 cm’. The tests have ‘to be conducted: for machinery and rail- 
way car oils at +20 and 50°C., for cylinder oils at + 50 and 
100° C,. Oils containing water eae to be dehydrated before the 
examination. 


V.ofhe Heenan of liquid Lubricants in the cold is to be 
determined either by the simple test-tube method (compare Holde, 
p. 181) or, in a U tube under determination of the coefficient of 
free flow. 


The samples have to be tested, not only as supplied, but 
also after having been heated for 10 minutes up to about 50° C, 


VI. Flash Point, Wherever the highest accuracy is desired, 
the Pensky-Martens apparatus has to be applied; in other cases 
the ‘open ‘cup, suitably fitted with mechanical movement for the 
test-flame and adjustable burner after Marcusoon (compare Holde, 
p. 144). 

VII. Chemical Tests. 


a) Acidity (free acid). The methods in use (Holde, p. 154) 
are to be retained, and the standard of acidity shall remain the 
sulphuric acid anhydride. 


b) Solubility in Petrol and Benzene. Dark oils shall 
entirely be soluble in benzene. The asphalty constituents are deduced 
from the solubility of the oil in 40 times its bulk of pure petrol 
spirit, the density of which ranges from 0.695 to 0.705 and the 
boiling point from 65 to 959 C. The solution in this petrol is to 
stand for 24 hours under exclusion of direct sunlight at a temperature 
of from 15 to 20°C. 

The alcohol-ether method (Holde, p. 20) shall particularly 
serve for comparative and identy tests. 

c) Estimation of Fatty Oils. The quantitative test for fatty 
oils is made by heating 3 or 4 cm? of the oil to be examined 
together with a piece of caustic soda or of metallic sodium, for 
a quarter of an hour, up to about 240° C. in a paraffin bath. When 
cooled to ordinary temperature, the oils will, in the presence of 


So eee 
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fatty oils, afterwards shew gelatination or soapy froth, or both 
these features. 

The quantitative proportion of fatty acids is ascertained with 
the aid of the .saponification coefficient or gravimetrically after 
Spitz and Honig. . 

d) Estimation of Resin Oil. In the test for resin oil a small — 
sample of 5cm® is well shaken with sulphuric acid of -density 1:62. 
Resin oil will be present when, after the separation of the layers, 
the acid does not look yellow or brown, but shews the charac- 
teristic red colour. For the quantitative determination the oil has 
then to be extracted (after Storch) with alcohol of 96 per cent and 
submitted to a polarisation test etc. 


e) Percentage of Water. With oils, which flash below 
240°C. in the Pensky apparatus, the moisture test is conducted 
by determining the losses in weight suffered by two samples of 
about the same mass (10 or 15 grammes) of the original and the 
dehydrated oil, when heated in glass dishes on the boiling water - 
bath until all froth formation has ceased. The difference in the 
losses of weight of the two samples gives the percentage of 
water in the original oil. The oil is dehydrated before this 
heating by being shaken with calcium chloride in an Erlenmeyer 
flask and subsequent filtration through a dry filter. 


f) Alkalis and Salts are determined in aqueous extracts 
of about 100 grammes of oil in the usual manner. This applies 
also to naphthene salts which may further be determined by 
direct incineration. 


g) The Caustic Test is used for determining the degree of 
refining and particularly any naphthene salts, dissolved in oil. 
Equal volumes of oil and of caustic soda of 3° Bé. are shaken 
together; no emulsion of oil and caustic should become discernible 
at the boundary after the shaking; else such salts will be present. 


B. Supplementary Tests. 

The determination of the fire point, the distillation tests, the 
determination of the amount of volatile constitutents; and the 
paraffin estimation may as a rule be dispensed with in the 
examination of lubricating oils. The German Association has, 
however, laid down the principal rules also for these tests. 
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The principles of testing Illuminating Oils, Gas Oil, 
Oils for Cleaning Purposes, Petrol and Parafin. 


A. Illuminating Oils. 

I. External Characteristics. The colour should be~-deter- 
mined with the aid of the Stammer colorimeter. 

The capilarity can suitably be ascertained with the aid of 
Ziegler’s petroleum viscosimeter, as modified by Ubbelohde, 
provided with a narrow orifice. 

II. The flash point should be dextermined with the aid of 
Abel’s apparatus. 

III. Distillation Test. The continuous distillation is effected 
in an Engler apparatus of glass (Compare Verhandlung des 
Vereines fur Gewerbeflei8, 1887). 

The distillates which pass at temperatures up to 150° 150 
to 200°, 200 to 250°, 250 to 275°, 275 to 300° C are separately 
to be collected, and the proportions of the constitutents whose 
boilings points lie above 300 C. are to be ascertained by difference. 
The boiling is said to commence when the first drop is seen to 
fall from the end of the cooler in Engler’s apparatus. . The 
fractionation will in general be conducted volumetrically. 


IV. Degree of Refining. 

a) The acid test is to be conducted by titration with at 
least 100 cm? of petroleum, which is dissolved in alcohol and ether. 

b) In the case of Russian Petroleum the soda test should 
be applied as dcscribed in Muspratt’s Technische -Chemie, 1898, 
p. 2234. When the test is affirmative, the presence of napthene 
salts is to be established by the incineration of 1 litre of oil 
which had previously been reduced, by distillation, to a volume 
of about 30 cm’. 

c) When equal parts of petroleum and sulphuric acid of 
specific gravity 1°75 are shaken together, the acid shall not turn 
more than very slightly coloured. 

d) For the detection of unsaturated hydrocarbons the oil is 
shaken with sulphuric acid of density 1°83. 


V. Sulphur Percentage. The sulphur test must be quantative 
by the method of Heussler, Zeitschr. f. Angewandte Chemie, 1895, 
p. 285; Engler, Chemiker-Zeitung, 1896, p. 1897. 
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VI. Combustion Tests. The unit of light intensity is the 
standard Hefner candle of the amyl acetate lamp. 

Exact photometric determinations are made with the Lummer- 
Brodhun photometer head; for other examinations a grease spot 
photometer is used. 

The lamps should in’ general be- fitted with round burners 
of 14’; in the case of oils which require an ample supply of air 
for their complete combustion, reform round-burners (Schuster- 
Baer) should be used. The burner test is as a rule to last 6 hours. 
During the first quarter of an hour the flame should be turned 
up as high as possible; a quarter of an hour before the first bench 
measurement the burner should once more be turned up, and then 
be left to itself, entirely without any regulation. Photometer readings 
shall as a rule be taken after the expiration of two hours, and 
again at the end of the test. The crust of the wick is carefully to 
be removed and to be. weighed. A» fresh wick is to be used for 
every kind of oil. In general the total consumption of oil will be 
ascertained by weighing the lamps before and after the test. In 
addition to the mean light intensity and the total oil con- 
sumption the consumption should also be stated per candle per 
hour. It should also be ascertained, whether the oil burns uniformly 
and the composition of the oil remains unaltered by the combustion 
test. For this purpose the residue, which remains in the lamp after 
burning half the oil, is-to be tested for specific gravity and boiling 
point limits, and the ordinary distillation test is also to be repeaig 
after the burning. 


B. Gas Oils. 


The determinations of the specific gravity, the fluidity and 
the flash point in the Pensky-Martens apparatus are to be 
effected in the same manner, as with lubricating oils. 

The distillation test is likewise to be conducted in the 
same manner, except that the fractionations are to be collected at 
intervals of 50 deg. cent. 

The congelation is determined in the usual manner in a 
test-tube. 

In the Creosotetest, 100 cm of oil are shaken with 100 onal 
of caustic lye of 6° Bé for five minutes at ordinary temperature. 
The diminution in the volume indicates the percentage of creosote. 
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The Sulphur percentage is determined after Carius or after 
Grafe (Zeitschr. f. Angewandte Chemie, XVII, Nr. 19). — 

The determination of the Gas Figure should in general be 
effected exclusively with the aid of apparatus of actual works 
dimensions. 


The'resulting percentage of gas is only valid for the apparatus 
and the working conditions, under which it was obtained. 


The Light Intensity is to be measured with a burner 
consuming 85 I/hour. The measurements are to be effected as in 
the case of petroleum, and the gas consumption is to be determined 
with the aid of a standardised gas meter. 


C. Oils for Cleaning Purposes. 


Oils intermediate between illuminating oils and gas oils are 
designated by this term. 


The specific gravity, the fluidity and flash point (the Pensky- 
Martens apparatus) serve for the identification of the sample and 
should be determined as in the case of lubricating oils; the dis- 
tillation test is effected as with Gas oils. 


D. Petrol. 


The determination of the specific gravity is carried out as 
with other mineral oils. For the distillation test the Engler glass 
apparatus is to be recommended as with petroleum. The degree 
Oreterming *can be judged from the’ colour, thé smell ‘and the 
behaviour of the oil in the presence of concentrated sulphuric acid. 


‘Chemical Tests. In the qualitative tests for coal-tar benzene, 
the solvent power of the sample with regard to an asphalt which 
had been extracted with petrol benzine is made use of iHolde, 
pp. 185 to 186); the subsequent quantitative analysis is based upon 
the determination of the portion soluble in fuming sulphuric acid. 


The detection of carbon bisulphide depends upon the con- 
version of this impurity into potassium xanthogenate; oil of tur- 
pentine is recognised by the bromine reaction, or by its conversion 
into nitrosylchloride. Products (fats) of high boiling points are 
determined by evaporating 100 cm? of the petrol in a weighed 
dish on the water bath and by weighing the residue. 
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E. Paraffin. 


By the term Paraffin are meant hydrocarbons resulting from 
the distillation of bituminous raw materials. 

Specific Gravity. The specific gravity test is essentially 
an identity test and may be carried out at ordinary temperature 
with the aid of the alcohol float method, or at 100° C. with the 
aid of the Mohr balance. 

The Congelation point is fixed either according to Shukoff 
(Chemiker Zeitung, 1901, p. 1111) or according to Halle (Bockmann- 
Lunge, chem.-techn. Untersuchungsmethoden, 3, p. 153, 1900). 
Beginning and completion of the melting can further be watched 
in a capillary tube. The contents in paraffin is ascertained after 
Holde (Holde p. 21); the sample is perviously freed from me- 
chanical impurities and from water. 


F. Paraffin Candles and Mixed Candles. 


As regards these materials, the tests concern: 

1. The material from which the candles are said to have 
been made, and 

2. the behaviour of the candles during use. 

As to 1. the point of congealation, the saponifiable constitu- 
tents, and the non-saponifiable constitutents should be determined, 
or in the latter case, the contents in methyl, ethyl, amyl alcohols, 
and acetone and the presence of anilides; 

as to 2. the illuminating value has to be ascertained and 
the bending test to be performed. 
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MECHANICAL TESTS OF CAOUTCHOUC AND 
‘TISSUES. 
By M. Pierre Breuil, Paris. 
Translated from the French original by Arthur R. Liddell, Charlottenburg, 
Abstract. ‘) 


The author believes he may be of service to those interested 
in the subject. of mechanical tests on caoutchouc and tissues by 
devising two apparatus, which enable such tests to be made. 

The first of these is a dynamometer, which supplies the 
means of making the following tests: 

Cold or hot tensile tests, applied slowly or alternating in 
direction. 

Cold or hot compression tests, applied slowly or alternating 
in direction. 

Alternating bend tests. 

Wearing, perforation and plasticity tests. 

In this dynamometer, the appliance which produces the 
strains, is a screw. This can be adjusted to two speeds when it 
is to produce static strains, and by means of a connecting-rod 
actuated by an eccentric, when it is to produce alternating strains. 
The applianee which measures the strains is a Spring, that is 
placed under compression, and the deformation of which is at 
most one third of that which it can withstand without its coils 
touching one another. 


') The original report is published in the “Supplements to the Congress 
Papers*, 
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By means of a pointer which follows the deformations of 
the spring, the diagram of the tension or compression of samples 
undergoing test may be traced on a recording cylinder controlled 
by a wire which follows the elongations and contractions of the 
test samples. 


Cold or hot tensile or compression tests may be made, the 
samples being placed in suitable troughs containing cooled or 
heated fluid, 

For the alternating bend tests the sample is fixed between 
the jaws of the dynamometer, and made to bend, first to one side 
of its axis and then to the other, by means of a connecting-rod 
of variable eccentricity. 


For the wearing tests the eccentric of the apparatus is pro- 
vided with a wooden disc covered with an emery-paper wearer, 
and the samples are made to bear against the disc with a known 
pressure applied by a little lever appliance. 


The samples to be submitted to wear are attached to the 
holding appliance of the dynamometer, which is connected with 
the spring that measures the strains; they then place the latter 
under tension, and this tension, when set against the pressure 
which causes the samples to bear against the wearing-disc, gives 
the coefficient of wear of the material under test. 


By means of the compression-lever it is possible to perforate 
strips of material, which are grasped by the jaws of the apparatus. 
Finally by the help of a little appliance fitted with cylinder and 
piston, which is placed between the compression surfaces of the 
machine, the plasticity of soft bodies may be measured by en- 
closing these in the cylinder and obliging them to ooze through 
an orifice in the bottom of the latter. 


The object to be served by the second apparatus is the 
measurement of the elasticity of a flexible or hard body and the 
hardness of flexible bodies only. It consists of a small vice, 
between the jaws of which the pieces to be tested are inserted. 
On the upper jaw of this vice a tube with a graduated glass may 
be screwed, with a photographic iris shutter. 

On the latter is placed a steel ball of 5mm or 10 mm in 
diameter, which is allowed to fall freely on the test-sample when 
the shutter is opened. The height to which the ball bounces, 
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compared with the height of its first drop, is a measure of the 
excellence of the elasticity of the material under test. 

This apparatus also lends itself quite as well to the testing 
of hard bodies (metallic and non-metallic) as to that of soft ones. 

If, in place of the glass tube, a brass one bearing a spring 
and a steel pointer be screwed to the jaw, it is possible, by 
causing the point to penetrate the flexible body and measuring 
the strain set up by the production of a given impression by help 
of the spring, to obtain a precise idea of the hardness of the body. 

With the two apparatus described, the author has made a 
considerable number of tests, the particulars of which he has given 
in his original article, but which cannot be reproduced here. 
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CONTRIBUTIONS TO THE QUESTION OF 
THE MECHANICAL TESTING OF INDIA- 
RUBBER. 


On the influence exercised by the shape of the sample on the 
results of tensile-test by K. Memmler and A. Schob. 
Abstract?) from the “Mitteilungen des Kgl, Materialprufungsamtes, Gro8-Lichterfelde*. 
Translated from the German by A. R. Liddell, Charlottenburg. 


The experimental work was undertaken at the suggestion 
of the Director of the Amt, A. Martens, in order to verify the 
influence of the shape of the sample on the results of tensile 
tests and to find out a standard shape of sample for the testing 
of india-rubber. 

In the following only the conclusions come to in the work 
are reproduced. For the considerations on which they are based 
reference must be made to the work itself (Mitteilungen, number 4). 

The conclusions are based on extensive experiments with 
6 different kinds of rubber (1, H, and IV to VII) which, as regards 
the properties displayed by them, vary considerably one with 
another, and which may be regarded as typical examples of a large 
number of rubbers met with in commerce. 


A. Ring-shaped test-body. 
1. The ring-shaped samples can be made with ease and with 
sufficient exactness of shape. 


1) Extra copies of the complete work in German will be provided at the 
Congress (Section C.) 
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2. The insertion of the ring-sample in the tensile-test machine 
and the making of the tensile-test itself are considerably more 
simple and more reliable than the like operations on the bar- 
shaped samples. 


3. When the test is conducted in the Schopper machine, the 
ring test, after the insertion of the sample and the setting to work 
of the machine, requires no watching during the experiment, and is 
therefore more convenient and cheaper in its action (Saving in the 
time of the experimenter) than the bar test, in the applications of 
which constant attendance is necessary, because the gripping-jaws 
have to be tightened up several times during the experiment, and 
the measurement of the elongation is a much more difficult matter. 


4. For general introduction, the ring test is more suitable, 
because it is more easy to agree upon a Standard test for a 
ring-shaped sample than for a bar-shaped one; with the bar-shaped 
sample the individual peculiarities of the rubbers often cause 
trouble. 


5. In the tensile experiment the: ring test exhausts the 
extensibility of the material to a greater degree than the bar test. 


6. In contra-distinction to the bar test, the ring test is gene- 
rally applicable for india-rubber, especially for kinds with high 
degrees of extensibility, for which the bar test becomes useless 
because of the fractures frequently occurring in the bar heads, 


(2 There were no marked differences in the classification of 
the different grades of rubber tested, whether it be based on the 
ring- or on the bar-test, provided that fracture did not take place 
in the bar-heads, as in the case of the highly extensible materials. 


8. Any differences there may be between the strengths of a 
Sheet of rubber in the longitudinal and transverse directions 
respectively, form no obstacle to the application of the ring-shaped 
sample; for as regards strength and extensibility the weakest point 
in the sheet will be more easily and rapidly determined by its 
help, and in the great majority of cases this is much the most 
interesting feature of the practical rubber test. 


9. Alteration undergone by the material as a result of 
previous applications of load can be more sharply recognised with 
the ring sample than with the bar sample. 


Seer Pre. 
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B. Barshaped Sample. 


1. The influence of the bar shape on the ultimate tensile 
strength, is not clearly recognisable, unless bars without heads 
(barshape A) are made use of. 

2. The magnitude of the gauge length has no influence on 
the measurement of the elongation when the end-marks lie within 
the prismatic part of the bar. 

3. To ensure the exclusion of all influencing of the de- 
termination of the elongation, the end-marks for its measurement 
must therefore lie in the prismatic part of the bar. 


C. Characteristic Properties of the 6 kinds of Rubber tested. 


1. In order to verify differences of a regular nature between 
the strengths and elongations of rubber sheets in the longitudinal 
and transverse directions respectively, considerably more tests 
would have been necessary (except in the case of No. VI), since 
the results of individual tests are rather discordant. 

2. Tests on a still more extensive scale are also necessary 
to gain reliable information as to the characteristic shape of the 
curve of elongation for india-rubber. Elongation appears in general 
to fall off with increase of load. 

3. The duration of the application of the load appears to 
exercise a high degree of influence on the values for ultimate 
tensile strength and elongation. In a case of a load continuously 
applied for 30 minutes, some of the tests failed under a stress 
only half as great as the ultimate stress found by rapid application 
of the load. 

4. The subsequent elastic action (shortening) on the removal 
of the load showed considerable differences between the different 
kinds of rubber I, II, and IV to VII. The simple tensile test, then, 
may suitably be supplemented by tests of permanent elongation 
and subsequent elastic action. 

do. With the exception of one of them (No. VI), all the kinds 
of rubber tested have, according to the results of the tests with 
ring samples, experienced reductions of strength and elongation 
by reason of previous applications of load. 
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Vii 
INFLUENCE OF INCREASED TEMPERATURE 
O ON THE MECHANICAL QUALITIES OF O 
METALS. 


Official Report by Prof. M. Rudeloff, Gro8-Lichterfelde. 
Translated from the German by A. R. Liddell, Charlottenburg. 


The alterations of their strength properties which accompany 
the variations in temperature of the metals must be taken into 
account not only by the technologists in their manipulation 
(forging, rolling, etc.), but also by the designer in the choice of 
their dimensions; they often even form the deciding factor in 
regard to the application of the materials to definite purposes. 
In view of their great practical importance, it is not to be wondered at 
that the first endeavours to determine them by means of strength- 
tests were undertaken at a remote period. Thus:Tremery and 
Proirier-Saint-Brice!) so early as 1828 established the fact 
that the tensile strength of hammered wrought iron, which at 
ordinary room-temperature was 43°5 kgs. per sq/mm, fell at a 
red heat to 7-8 kgs per sq/mm. As may be seen from the summary 
of literature given at the end of this report, an imposing series 
of investigations bearing upon the influence of temperature are 
now available. That these extend down to the most recent times, 
is due not only to the fact that a constant succession of new 
materials has to be investigated, but to a great extent also to the 
circumstance that the earlier results obtained have to be checked 
again in the light of advances made in testing-technics by the aid 


1) See Summary of literature at the end of this report. 
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of improved appliances and with due regard to circumstances 
which are shown by present-day knowledge to exercise their 
influence on the results. 

In the following the attempt will be made to collect the 
results hitherto in existence, so far as they are known to the 
author, into separate groups according to the materials. The 
methods applied and their influence on the results may, however, 
be discussed beforehand. 

In most of the investigations the method of determining the 
influence of temperature was that of the tensile test; side by side 
with the latter the jogging test is occasionally met with, and 
recently the Brinell ball-pressure test has been successtully applied 
for the determination of alterations of hardness (36), (38). Among 
the conditions under which subsidiary influences may have an 
effect are the following: 

1. The creation and determination of the testing temperature 
.(the testing arrangements). 

2. The shape of the test-sample and its insertion in the 
strength-testing machine. 

3. The rapidity of application of the load. 

4, The method for the determination of the alterations of 
form (elongation) during the experiment. 

5. The state of manipulation of the test-sample material. 


1. The testing arrangements. 


The oldest method used for the production of testing tempera- 
tures higher than those of an ordinary room was that of heating 
the sample in a stove or in a hot bath, which was followed by 
the test in air. 

To counteract the effect of the gradual cooling of the sample 
as far as possible, recourse has been had to the expedient of 
conducting the test very quickly (Kollmann [9]). Determinations 
of elasticity are here altogether out of the question, since the time 
is too short for the attainment of the increase of elongation 
accompanying additions to load or stress. But the final values of 
the ultimate elongation and ultimate strength are in the highest 
degree unreliable, the more so that, at fracture, the bar is heated 
inside much more than outside, and because the influence of the 
rapidity of application of the load meanwhile exerts its influence. 
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The method employed by Kollmann — that of heating a second 
identical sample side by side with the tensile-test sample in the 
Same stove and determining the initial temperature t, calorimetrically 
and the final temperature t, of the test bar either by means of a 
previously determined cooling-curve or by calorimetric means from 
the fracture, and then regarding (ta + te )1/) as the testing tempera- 
ture — does not suffice for the removal of these drawbacks. 

In more recent tests general resort has, probably for this 
reason, been made to the use of the hot bath, in which the 


: Fig. 1. Fig. 2. 
The Martens Fluid Bath with Mirror The Bach Fluid Apparatus. 
Apparatus. 


Sample is immersed for the whole duration of the test. 
A distinction must be made between fluid and air or gas baths. 

For the fluid baths the material is to be so chosen that 
the test-piece is neither attacked by, nor able to alloy with it. 
In view of this, use is made of water up to a temperature of 
100° C., of paraffin up to 200° C., and of mineral oil up to 
350° C. For higher temperatures recourse is had to salt or metal 
baths. Very good results have at the instance of the Physikalisch- 
Technischer Reichsanstalt of Charlottenburg, been obtained 
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at 350 to 600° C. with a mixture of equal parts of nitrate of potas- 
sium and nitrate of sodium [23]. Baths also of lead-and-tin and 
of pure lead have, at temperatures of from 300° to 400° C. and 
test-duration up to 2 hours, been used with thorough success in 
the testing of metallic alloys [14]. The heating of the baths is 
effected either by gasjets, which are arranged below the stove 
(see Figs. 8. and 7), above it (Fig. 8), and at its sides (Migsamas 
2 and 10), or by electricity (Figs. 6 and 9). 

In the case of tensile tests in upright testing machines in 
which the test sample is set vertically, it is advisable to lead a 
tension-rod from the lower gripping appliance through the bottom 
of the hot bath (stove), on the Martens system (11) (Fig. 1), and 
let it bear on a closely fitting conical shoulder on the rod (see 


Big. 3. Fig. 4, 
The Unwin Fluid Bath, Connection between the Test-Sample and 
the Load-Measuring Appliance on the 
Martens System. 


also Figs. 2 and 9). From above an exactly similar rod is then 
made to pass into the stove through the lid of the lattersiiiae 
tensile test sample is inserted between the ends of the two rods, 
and is concentric with them. When the test-sample is set horizon- 
tally, the lengthening-rods are either led through the side walls of 
the bath and provided with stuffing boxes as in Fig. 8 (Unwin) 
[21], or a fM-shaped piece, which grasps the walls of the hot bath, 
is inserted between the sample and the tension-rod at each end 
of the latter (Martens [10], see Fig. 4, and Charpy [16]. ihe 
application of this piece to the test-sample end connected with the 
load-measuring appliance of the tensile-test machine has the ad- 
vantage that the frictional resistance experienced in the stuffing- 
box is eliminated from the power measurement. In the case of a 
fixed bath the clear width between the flanges of this piece need 
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only be small; it will suffice, if it allows full play to the power- 
measuring appliance. 

The proportion borne by the length of the bath, which is 
also equal to that of the tension-rods, to that of the test-sample 
must be as great as possible in order that the conduction of heat 
through the tension-rods may be kept as far apart from the test- 
sample as possible and the bar heated evenly throughout its length. 
With regard to uniformity of heating, the testing arrangements 
with horizontally-set sample are to be preferred to those in which 
the sample stands in the vertical 
position. In the latter case stirring 
arrangements, for the attainment of 
uniform temperature throughout 


Fig i 
The Rudeloff Stove with Mirror  Electrically-Heated Stove (Nitrogen Bath) 
Apparatus. of Hopkinson and Rogers, 


the column of fluid, are indispensable. These, however, impede 
the measurement of the elongation during the test, and do not 
always effect their purpose. This is clearly seen from the circum- 
stance that the sample breaks at its upper or at its lower end, 
according as the breaking-strength of the material decreases or 
increases with increases of temperature within the various tempe- 
Fatures Of the bath that are present for the time being [11]. 

Air baths have the drawback that they cause oxidation of 
the test sample, which gradually makes its way from the surface 
into the interior. As is shown by Le Chatelier [26], this proceeds 
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with special rapidity in the case of impure copper obtained by 
smelting, but takes place also when this metal is obtained by 
electrolysis. The copper then becomes brittle and finally crumbles 
away!). Stribeck (29) looks on the thin superficial layer of oxi- 
dation as a good preservative, so long as it does not spring off 
and individual ingredients of the alloy do not evaporate, as in the 
case of brass after certain temperatures are reached. A further 
drawback to the air-bath is the in- 
complete conductivity of heat between 
_ the test sample and the surrounding 
air, which makes it necessary to 
measure the actual temperature of 
the piece tested instead of that of 
the bath. 
For the prevention of oxidation 
in the air-bath I made use [14] of 
Fiz. 7. baths of steam (100° C.), naphthaline 
vapour (200° C.) and naphthylamine 


Fig. 8 a—d. The Le Chatelier Air-Bath, 


vapour (300° C.) in a special stove (Fig. 5). The vapours, 
which are produced in a copper vessel, enter the stove at L, 
take the course shown by the arrows between two pipes 
inserted the one in the other in telescope fashion, and then, after 
they have reached the sample, pass off through the gripping 
appliance and the pipe L’. Hopkinson and Rogers [85] made 
use of nitrogen baths in their stove (Fig. 6) with quicksilver seals 


+) See also Heyn. 
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at the ends. For heating the air baths Charpy 18 and Le 
Chatelier [26] made use of gas jets (See Figs. 7 and 8), Stribeck 
[29] and Hopkinson & Rogers (35) of electric heating coils 
(See Figs. 5 and 9). The latter present the great advantage that 
by means of closer coiling at the ends of the stove (Stribeck), 
or by triparting of the coils and regulation of the current in the 
different parts (Hopkinson), the conduction of the heat through 
the tension-rods and grips can be better equalized and a more 
uniform heating of the test-sample throughout its length can be 
attained. Carpenter [19] envelopes the test-sample in a double 
cast-iron sleeve of considerable thickness 
and heats it from without with a Bunsen 
burner. The sleeve reaches beyond the 
measuring length of the sample by 25 mm 
at each end. The testing-temperature is read 
from a nitrogen thermometer, which passes 
through the sleeve. That errors in the 
determination of the temperature are entirely 
avoided by the circumstance that the tests 
are made after the thermometer readings 
have remained steady for the space of 
a few minutes, appears at the very least 
doubtful, especially in view of the fact that 
at the test the aperture between the sleeve 
and the sample increases with the elon- 
gation of the latter. 

For conducting ball-pressure tests in ,,. Stribeck Electricaliy- 
the hot bath, Kurth [88] has produced Heated Bath. 
a very suitable method. The sample takes 
the form of a strip of 200 mm in length by 835 mm in breadth. All 
the points of pressure are arranged at its centre-line, and the same 
temperature being preserved throughout, several are set at 
considerable distances (40 to 50 mm) from one another, and then, 
between these, one each for the other temperatures. In this manner 
the influence of the want of uniformity of the material can easily 
be taken into account by the construction of curves with the 
observations for equal temperatures set off at abscissae equal to 
the distances apart of the pressure lines. The curves are for the 
most part of a regular kind and run parallel to one another, and 


Fig. 9. 
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in the case of chemically pure materials lie parallel with the axis 
of the abscissae, their distance one from another corresponding 
with the differences in hardness at the testing temperatures 
employed. To enable the pressure to be exerted at the right 
place, the strip is. made’so that it can be shifted on its bed (lower 
pressure plate) along a graduated slide with a catch-pin in a 
direction parallel to the axis for the distance required, this taking 
place in the bath at constant temperature. The bath receptacle, a 
narrow iron box with double side walls stuffed between with 
infusorial earth and capable. of being heated from. below by 
several Bunsen burners, has the lower pressure-plate in the 
middle The steel ball is attached. by means of thin perforated 
plates to the upper pressure-plate; it dips with the plate into the 
bath, but in order to admit of repeated examination it is so 
arranged that it can easily be raised. The annealing and the 
decrease of hardness of the ball thereby occasioned, as also the 
reduction of friction between ball and test-sample caused by the 
bath, proved in the case of the materials tested and at the 
temperatures in question (about 500° C.) to be devoid of influence. 

As general result of the experiments made by Ktirth, it may 
here be stated, that during their continuance the increase of 
hardness with additions of load for copper at 500° C. was the 
same as that at 0° C. in accordance with which at high temperature 
also no annealing effects on the hardness became, apparent provided 
such annealing of the samples was previously completely carried out. 


For the determination of the elastic behaviour of the material 
and. of the yield-point by the amount of the permanent set, 
the course taken by the elongation as the tension increases during 
the experiment must be noted. For this, the determination of the 
movements of -the grips with reference to one another is not 
sufficient, and indeed reliable values can. be obtained only when 
the measuring-instruments are applied directly to the sample. In 
this, great’ difficulties are experienced, owing to the circumstance 
that the measuring-instruments have to project from the bath 
or stove, so that their parts are subject to different heat effects. 
The first workable arrangements were created by Martens [11], 
who applied to them his mirror apparatus, by which the elongation 
is translated into a rocking motion of a rhombic steel block 
connected with a mirror. The measurement is taken (see Fig. 1) 


a eS) ae 


Vi1 


along two length-portions of the sample; that part of the total 
extending over the testing length (the thinner portion of the sample) 
must therefore be obtained by calculation. A slight inaccuracy 
here arises from the circumstance that the upper part of the 
measuring length, which protrudes from the stove, is not uniformly 
heated, so that the assumption underlying the calculation, that the 
same coefficient of elongation « as that for the lower more highly 
heated part may be applied to it, is not justified. A further source 
of error lies in the circumstance that variations of temperature 
cause alterations of length, which effect the measurements. This 
error is counteracted as far as possible by the practice of not 
beginning the test till a uniform condition of heat is attained in 
the sample and in the grips — showing itself in the circumstance 
that the weigh-lever stands steady under the initial load — and 
by taking care that no further alteration is made in the heating 
apparatus during the test. 


In the tests conducted by me Martens mirror apparatus 
were also used; the transference of the elongation to the mirror- 
holder was, however, effected in a different manner. In the 
application of the stove (Fig. 5) the end-points o and u of the 
measuring-length lay in the axis of the short test-sample P, within 
the two sample heads, whence the rods S, a, t, and S’ were led to 
the mirror-holder, being made to bear by means of springs f. 
The mirror-holder rested at h with one of its points against the 
upper end-surface of the rod S’ and with a second point against 
the ring g, which was connected with the lower measuring-point. 
The movement of these two bearing points towards each other 
corresponded with the elongation of the test sample, and caused 
a tipping of the mirror m, held by the arm n. 


In this arrangement, again, the measuring-length comprehends 
parts of the sample having different diameters, so that here, also, 
the true elongation has to be obtained by calculation. The length 
of the thicker part, however, is very small, and, above all, the 
whole range of measurement, as well as the measuring apparatus, 
lies within the stove, so that the observations are not influenced 
by the variations of temperature. Comparative tests [14[ made at 
room-temperature with this apparatus and the ordinary Martens 
mirror-apparatus have proved that the differences in the results 
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of the two series were no greater than those in several tests made 
with apparatus of the old pattern. The manipulation of the 
apparatus, however, proved very difficult, and it was found that 
shocks easily caused a sliding of the supporting points. In my later 
tests [15, 20,23] the Martens mirror-apparatus was accordingly again 
applied; only the measuring springs took the altered form observable 
in Fig. 10, and two pairs of springs, m and m,, were placed 
against the sample, the mirror-holder s being inserted between 
them above. 


By this the advantage is secured that alterations of the 

lengths of the springs due to fluctuations of temperature exercise 

hardly any influence on the measurements 

- of elongations, because all the springs project 

; by equal amounts from the stove, and are 
thus subject to the same variations. 


In the horizontal arrangement of the 
test-sample and fluid baths the ordinary 
Martens mirror apparatus have done good 
service. The spindle of the mirror-holder must 
be made to protrude as far as possible through 
the lid of the bath, and below the mirror 
light discs must be provided to ward off 
the rising vapour. 


Special attention is to be given to the 
determination of the temperature of 
the test-sample. In the case of a fluid 
Jt RN bath it may suffice to determine the tem- 

Fig. 10. perature of the latter, provided the beginning 
The Martens Fluid-Bath ©! the test is delayed till complete uniformity 
and theRudeloffMirror Of temperature is attained, a condition of 

Apparatus. things which, as mentioned above, is readily 

recognised by the circumstance that the 
weigh-lever remains in equilibrium below the initial or zero load, 
while, by reason of the alterations of length produced by them, 
fluctuations of temperature cause a rising or falling of the lever. 
In the case of air-baths the heat of the sample is to be directly 
measured. Most suitable for this are thermo electric elements, which 
must be laid close against the sample and separated from the air- 
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bath by asbestos. The most accurate measurements will be attained, 
if a second sample be laid alongside the latter in the bath, its axis 
being bored out to take the thermo electric element. 


The dimensions of the sample and the arrangement 
of the grips may exercise considerable influence on the result in 
so far as the uniform heating of the first-named within the measuring- 
length to a very considerable degree depends on them. That the 
length of the sample must for this purpose be considerably less 
than that of the bath, has been mentioned above. Martens (11) 
accordingly made use of samples of the greatest lengths possible, 
which were turned down to the desired test-section only within a 
comparatively short distance (see Fig. 1). On account of the large 
amount and high cost of manipulation of the material of construc- 
tion attaching to this system, samples of the shortest possible 
length (1= 100 mm, see Fig. 5 and 10) were made use of in my 
tests (14, 15, 20, 23) the threaded ends of which were screwed 
into lengthening-rods. At a later date Bach (24, 25, 30, 31, 33, 
Fig. 2) and Stribeck (29, 32, Fig. 9) made use of similar rods. 
The accumulations of material at the two points of connection 
are altogether advantageous, since they at the same time Serve as 
heat reservoirs and protect the test sample from the tendency to 
give off heat to the outside. 


As we know, the speed of loading or of the application 
of the tensile test makes itself felt in the tests at room-temper- 
ature, in so far as, under circumstances in other respects identical, 
smaller strength-values and greater elongations -are obtained as 
the speed diminishes. The falling-off of the strength as the speed 
of loading diminishes is also clearly apparent at higher temperatures, 
and especially when the sample has, at all events at testing- 
temperature, not been annealed before, but has by reason of 
previous treatment, somehow been subjected to hardening, because 
in that case the influence of the duration of a calcining heat on 
the annealing also plays a part. Thus, for instance, Le Chatelier 
(26) found, for hard-drawn copper wire of a strength of 50 kgs. 
per sq.mm at 250° C., the following values: 


Duration 20 Sec. 10 Min. 30 Min. 
Strength 384 24°7 18 kgs. per sq. mm. 
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On the other hand he found the folleyane values for calcined 
copper samples: — 


———<$=- 


Temperature | 200° C, | 830° C. 400° C. 


Duration of test 45" |1'50") 10’ [2'15"| 10‘ | 20! | 56") 2! 15’80"4730" 
Tensile strength in a 
kgs. per sq. mm. | 204/186 /17-9| 15-7 | 15-2|147]106| 9-7| 82) 78 


Ultimate elongation 


per cent 39°0 | 35:0 | 36:0 | 87°9 | 34-4 | 81:1 | 21°0 | 16:2 | 12°9 | 11°4 


Stribeck (29) found, in the case of copper, that the diminution 
of strength with increase of temperature at a rapid test did not 
begin till 800° C., while at a very slow test it began as A as 
at 200° -C. 


Very great sensitiveness to the rapidity of loading is ‘possessed 
by zinc (see Martens [10]). Again, Kurth (88) found in connection 
with the ball-pressure test, that after several hours of uniform 
loading a state of equilibrium had still not been reached, while 
with most metals this showed itself after not more than from 5 
to 10 minutes. | 


The ultimate elongation is, at high temperature, not subject 
to the influence of this rapidity to the same degree as in the case 
of room-temperature. As the above-mentioned experiments of Le 
Chatelier have already shown, the elongation of copper does 
not increase with reduction of speed, but diminishes. Stribeck 
comes to the same conclusion, and says that in case of long 
duration of the tests the samples break short off, while, at a rapid 
test under the same, temperature, fracture was preceded wiiiams 
considerable degree of contraction. Whether, and to what extent 
the influence of oxidation in the air-bath, mentioned in the beginning 
of this report, here played a part, may remain matter of opinion. 
The examples given may be taken as showing sufficiently, that, 
for the attainment of comparable results, a uniform rapidity of 
loading is necessary. To enable results of practical value to be 
obtained, it ought to be kept as low as possible, and the material 
for the samples should be annealed beforehand. 
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Test Results. 


lav tought steel: 


The tests made so early as in 1837 by the Franklin Institute [2] 
showed that the tensile strength of wrought steel rose with increase 
of temperature. Knut Styffe [6] came to the same conclusion 
in 1863, and found that the ultimate elongation at the same time 
diminished. His experiments were extended to temperatures ranging 
up to not more than about 170° C. and in view of the imperfect 
nature of the testing arrangements adopted compared with those 
of the present day, their accuracy was so doubtful, that the results 


then observed are not given here. Huston [8] likewise found for 
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Testing Temperature. 


Fig, 11, Wrought Steel, 
Tensile Strength op, Yield Point os and Elongation 6. 


charcoal iron an increase of strength combined with a lessening 
of the diminution of sectional area up to 500° C. Kollmann [9], 
on the other hand, found no increase, but a continued diminution 
of strength (see Fig. 11). Up to 300° C. the latter was of only 
small amount (from 37.5 to 33.8 kgs. per sq. mm) — at the higher 
temperatures, however, up to 600° C., it was considerable. Although 
the Kollmann determinations of temperature by means of the calori- 
meter do not lead us to expect any high degree of accuracy, his 
observations, at variance with the older observations as they are, 
cannot without further question be put down to testing errors, 
especially in view of the circumstance that their results are of an 
exceedingly uniform character. My experiments [14] (see Fig. 11) 
confirm Styffe’s observations, the highest tensile strength value 
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being obtained at about 260° C. (at a guess, 50 kgs. per sq. mm,, 
as compared with 34 kgs. per sq. mm. at 20° C.), and at the higher 
temperatures, as in the Kollmann experiments, a considerable 
fall took place in the diminution of the strength. ‘The yield-point 
fell considerably between 100 and 200° C.; before and after 
this point (up to 400° C.) it remained almost unaltered. The ultt- 
mate elongation fell between 20 and 130° C. from 30 per cent to 
131/, per cent, and then, in contradistinction to what was observed 
in the Huston tests, rose again (fall in the diminution of sectional. 
area) rapidly (up to 40 per cent at 400°). Carpenter’s experi- 
ments [19] likewise showed the greatest strength at about 250° C. 
and the least elongation at about 130° C. 


2. Soft Steel. 


Tensile tests at different temperatures, carried out by 
Huston [8], Kollmann [9], Martens [11], Rudetoii eta 
Charpy [16], Carpenter [19], Le Chatelier [62] and von Bach 
[31], are in existence. The experiments of Kollmann gave for 
Bessemer iron a constant fall in the tensile strength as the temperature 
increased, while all the rest agree in showing that the tensile strength 
at about 250° C. reaches a maximum that is far above that of 
room-temperature, and then with further access of heat, rapidly 
falls. According to the experiments of Martens and the author 
the increase in the tensile strength referred to is preceeded by a fall 
in the same, the minimum apparently being reached at about 50° C. 
Similar hehaviour of soft steel was established by Brinell [36] 
and by Kurth [88] in connection with ball-pressure tests. While, 
however, Brinell, whose observation-results, set off in the form 
of curves, showed complete agreement in general trend, obtained 
the first minimum value at about 200° C. and the maximum at 
300—400° C., for acid as well as for basic material, the two points 
of contrary flexure of the curves of Kurth lie at 150—190° C. and 
at 250° C. respectively. 


pose Lae) 


The yield-point of soft steel falls steadily with increase 
of temperature. With rising temperature the ultimate elongation 
likewise undergoes a considerable fall — according to Martens, 
for instance, in one case from 28°4 to 8'4 per cent — and there- 
upon a considerable rise. In general the minimum values lie at 
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about 150° C., that is to say at lower temperatures than the maxima 
for the ultimate strength. 

The initial assumption in regard to the elongation and in- 
crease of strength with rise in temperature explains the blue- 
shortness of the steel, which was pointed out by Valton so long 
ago as 1877 (Berg- und Huttenmannische Zeitung 1877, Page 25) 
as the outcome of bending experiments. 


3. Cast-Steel. 


Fig. 12 shows the values obtained by me (23) and by 
Bach (80 and 81) for the tensile strength og and the ultimate 
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Tensile Stresses in kgs, per sq. mm and 
elongations in percentage 


Testing Temperature, 


Fig. 12, Cast-Steel. 
= Tensile Strength op, --- = Ultimate Elongation 6, 
According to Bach, Material 0 = 1, K= 2, M=8, OE = 4, Rudeloff 5. 


elongation 6 of cast-steel. Bach gives the following particulars in 
regard to the composition of his 4 kinds of steel: 
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The-general run of the curves is the same for all 5 kinds. 
The tensile strength at first increases with rise in temperature, 
attains its maximum value between 200 and 800° C., and then 
falls comparatively quickly. The ultimate elongation is influenced 
by the temperature in the opposite sense; it at. first falls, and 
then rapidly rises, the minimum values being reached at about 
200° C. 


According to its magnitude, the influence of the heat fluctuates 
with the different kinds of steel, and especially the lines for 
the elongation diverge widely from one another at temperatures 
above 200° C. In this the influence of the rapidity of loading no 
doubt played a considerable part, but in other respects also the 
Bach experiments do not enable us to detect any regular influence 
exerted by the chemical composition of the material on its power 
of resistance to effects of temperature. It may, however, be pointed 
out, that the material OE, in the manufacture of which very parti- 
cular attention was paid to the attainment of satisfactory behaviour 
at high temperatures, shows the greatest increase of strength and 
in general also the greatest ultimate elongation. 


At the mean tensile-strength op of 41 kgs. per sq. mm and 
ultimate elongation 6 of 27°/, at room-temperature, the following 
approximate values may, with cast-steel, be assumed for the alter- 
ation of the strength-qualities at high temperatures. 


Degree of 
Temperature C, | 100 - 200. 300 400 
Percentage of OR 6 al bkigigs zs 10 eee; 
Alterations | 
eee 8 — 20 — 50 — 83 “ae 


The contraction of area behaved similarly to the elongation, 
but its fall with rise of temperature was less considerable. The 
yield point fell steadily with the increase of temperature. 


#4. Cast-lrond 


Howard [12] found that up to 886° C. cast-iron lost but 
little of its strength, At higher temperatures the strength gradually 
diminished ,but in such small degree, that it ultimately possessed | 
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the same strength as soft steel“. Previous to fracture, numerous 
cracks appeared. | ! 

_My experiments [23] and those of Bach. [25] (see Fig. 18) 
confirm the observation made by Howard, that the strength of 
cast-iron does not suffer an appreciable loss of strength till tem- 
peratures of 300 to 400° C. are reached. If the strength in room- 
temperature be set at 100, we obtain the following comparative 
values: — 


Degree of Temperature C., 20 300 400 500 570 
Comparative Bach 100 99 92 76 52 
value , 
according to} Rudeloff 100 88 | 107 68 38 
5 
50 
3 
n 
be 
an 
5 
HH 


Testing Temperature. 


Fig, 13. Cast-Iron. 
Tensile Strength op: 1 according to,Bach,,2 according to Rudeloff. 


In the above, the average composition of the material ex- 
perimented with was: — 


& | 
Material Graphite Soc ee Mn Si Cu S a 
bach 2°85 | 079 | 364 | 1:73 | 1:178| 0°170| 0°085 | 0158 

Rudeloff | — _ | 3°56 |.0°938 | 2°650; — 0054 0°517 
| ig 1 


The experiments of Kurth [88] showed that the ball-pressure 
hardness. of the cast-iron Subjected to test at first fell slowly as 
the temperature rose, then rose again slightly between 200° and 
300° C. and finally fell very rapidly after the latter limit :was 
passed. The experiments therefore show an approximate agreement 
with the tensile tests of the author (see Fig. 18). — 
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5. Malleable Cast-Iron. 
Experiments made by the author (23) with test-samples of 
12<X6,5 mm in section yielded the results given in Fig. 14, 
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Fig, 14. Malleable Cast-Iron, 


— = Stresses, --- = Elongations for Malleable Cast-Iron, 
——— = Ultimate Stress op for Cast-Iron. 


Fig. 15. Cast-Steel. 


Fig. 16. Cast-Iron. Fig. 17. Malleable Cast-Iron. 


with the addition of the line for the tensile strength [23]. According 
to these, op, 6g og at first rise with the temperature; they reach 
their maxima at about 250—300° C. and then fall rapidly at still 
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greater heats. The values for op at all temperatures agree 
approximately with the ultimate strength of cast-iron. The elonga- 
tion & within op increases slightly up to 400° C. and rapidly at 
higher temperatures. The ultimate elongation which is small in 
itself, is hardly affected by alterations in temperature. 

Figures 15—17 are concrete illustrations of the test-results 
for cast-steel, cast-iron and malleable cast-iron. Fig. 15 shows clearly 
how the yield-point, which at room-temperature is sharply defined, 
becomes more and more indistinct at high temperatures, and falls 
till the curve at 600° C. finally takes a course similar to that for 
cast-iron (Fig. 16) at room-temperature. Between cast-iron (Fig. 16) 
and malleable cast-iron (Fig. 17) a marked difference appears, in 
that the strength of the former beyond 400° C. falls rapidly and 
that of the latter only gradually. 


6. Copper. 


Figs. 18 and 19 show the comparison between the tensile 
strengths sg and ultimate elongations 6 obtained by extension- 
tests by myself [14 and 20], Unwin [21], Le Chatelier [26] 
and Stribeck [29]. It may be seen from Fig. 18 that in all the 
experiments og steadily fell as the temperature rose. The great 
differences in the observation-values are due partly to the chemical 
composition, partly to the previous treatment of the material, and 
partly to differences in the rapidity of loading. It is due to the 
latter circumstance that Line No. 7 of 619 C. lies considerably 
lower than all the others; the corresponding observations differ 
from those of the other series in being obtained by tests of long 
duration. The experiments of Line No. 7 made at the lower 
temperatures, were conducted in the ordinary manner, and their 
results agree with those of Line 3b. 

The influence of the previous treatment on the tensile 
Strength in tests of ordinary duration appeared, according to the 
comparison of Lines 2a and 2b for hard-drawn material with 
Lines 2b and 8b for the same, but calcined material, in the 
well-known increase of strength by cold manipulation; beyond 
about 250° C. it gradually ceased as the temperature rose, and 
at 500° C, and beyond, it was no longer appreciable. 

The influence of the chemical composition is clearly seen in 
Lines 2 and 38, and indeed it was the greater amount of tin, of 
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1:86°/,, which gave Material No. 2 the’ greater strength. Above 
800°C. «the. difference, recedes. moreniand more, but is still 
observable at 600° C. ) 

vlhe edifferencessinetie ees elongation (Fig. 19, of the 
kinds of copper’tested are: much greater than those in the strength 
(Fig:.18). The influence of the inequality of the measuring-length 
shows itself as small. compared with that of the previous treatment 
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2 and 3 Do. 1898, 

2a and 3a chard drawn, 

2b and 8b calcined, 
“2a and 2b with 1°86 per cent of tin, 

3a and 38b-with traces of tin, 

A and 5 Unwin 1899, 

6 Le Chatelier 1901, 

7 Stribeck 1903; Very Slow increase - of Load. 


According to the. compatison betweén 2a and 8a, hard-drawn 
with calcined material and. to the good agreement between 3b 
and 7 the effect of the previous treatment appears so marked, that 
the conclusion- may be drawn with tolerable certainty from the 
position of the lines (Fig. 19), that Line. 7 also refers to caleined, 
and Lines 1. and 4 to mechanically hardened material. 

The influence of heat shows itself in the calcined material (2b, 
3b, and 7).up to 200°C. to be very small; then the elongation 
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falls rapidly with increase of temperature, till at 400—450° C. it 
appears to have attained its minimum value, and finally, with the 
exception of Material No. 2, does not alter much more up to 
600° C. With the hard-drawn kinds of copper Nos. 2a and 38a, 
with which Nos. 1 and 4 are in fair agreement, the elongation in 
the first place at 100° C. shows a minimum, then increases 
with rising temperature till, beyond 300° C., it falls as in the case 
of calcined. material, and then, rising again, it approaches the 
values found for the calcined material. 

Very striking is the course of Line 2. In this material the 
elongation, after an initial decrease, increases again beyond 400° C, 
at an extremely rapid rate, and even exceeds the value for room- 
temperature. It appears not impossible that here also the effect 
of the percentage of tin contained by this material makes its 
appearance. 

According to the experiments of Kurth [88] with copper, 
the ball-pressure hardness decreases, as in the case of pure silver 
in proportion to the increase of temperature. The values thus lie 
in a straight line. If they be determined from the diameters of 
the impressions produced by equal loads, the straight line for the 
annealed material, if produced, will apparently cut the axis of the 
abscissae at the melting temperature of the chemically pure metal 
in question. In the case of mechanically hardened (drawn) copper, 
the alterations of hardness for temperatures up to 250° C. likewise 
followed a straight line; at the higher temperatures annealing 
effects, depending upon the. duration of the. action of the 
temperature, made their appearance; the load points accordingly 
fell between the two straight lines for drawn and calcined copper 
respectively. Experiments, in which copper samples at certain given 
temperatures were calcined for different periods of time and after 
becoming cold again were submitted to the ball-pressure test, 
confirm the supposition that the calcining action begins in the case 
of copper at about 250° and then depends principally on the 
duration of the process; at 450 a duration of a few minutes will 
suffice for the complete removal of the hardening effect ee ae 
by previous mechanical treatment. 


7. Copper, Zinc, and Zinc-Bronze. 
In. tables 1 and 2 the results of the various series of tests 
are put together, the bronzes being arranged according to their 
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increasing percentages of tin. As the temperature increases, the 
tensile strength diminishes in all the series, the ultimate elongation 
meanwhile increasing in case of the bronzes 1 to 8, which have 
about 40 per cent of zinc and 0 to 1 per cent of tin, and falling 
in, that of (bronzes23 mo L2, 

The comparison is unreliable on account of the diversity of 
the testing methods employed, this referring more especially to 
the form of sample used, but in part also to the method of manu- 
facture of the material, the casting temperature also exercising an 
influence. Thus a comparison between bronzes 1 to 4 and 5 to 7, 
which are of approximately the same composition, shows that 
the tensile streneth of the hot-cast material 1 to 4 does not indeed 
differ much at about 20 from the cold-cast material, but falls at 
a quicker rate than the latter as the temperature increases, so 
that beyond 150° C. it is clearly beaten by it. Further at room= 
temperature the ultimate elongation of the hot-cast bronze is 
considerably greater than that of the cold-cast. As the temperature 
rises, this condition adjusts itself more and more, till beyond 
500° C. the ultimate elongation of the cold-cast material is greater 
than that of the other. 

The presence of tin in percentages of 0 to 1-0 per cent 
hot-cast bronze containing about 40 per cent of zinc caused no 
considerable differences in the ultimate strength and elongation, 
but with the cold-cast material the ultimate elongation seems to 
diminish as the percentage of tin increases. The bronzes 9 to 12 
with higher percentages (5 to 13 per cent) of tin showed con- 
siderably greater strength at room-temperature and in part also 
less ultimate elongation, than those with low percentage of tin 
just mentioned; at temperatures of more than 300° C., on the 
other hand, their strength was greater. For practical application, 
however, this is of no moment, since above 250° C. the strength 
of all the bronzes here under discussion is so small, that their 
use at such high temperatures is out of the question, and indeed, 
in case of material with from 10 to 13 per cent of tin, the more 
so that even at room-temperature small elongation became still 
further reduced with further access of heat. 


8. Manganese Bronze. 
The tests before us made on manganese bronze [14 and 15] 
such as is produced by the Isabellenhutte at Dillenburg by the 
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Heusler process, comprise rolled uncalcined bronzes with a2, D'S, 
73 and 9:4 per cent of manganese and cast bronze with 13°5 per 
cent of manganese at the temperatures between 20 and 400° C. 
The tests were made with the apparatus shown in Fig. 10 at 100 
and 200° C. in paraffin, at 300° C. in a bath of melted tin and 
lead, and at 400° C. in a lead bath. 
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Manganese Percentage. Manganese Percentage, 


Fig. 20-21. Manganese-Bronze. Yield-Point and Ultimate Tensile Strength. 


Ultimate Elongation. 


Manganese Percentage, 


Fig. 22. Manganese-Bronze. Ultimate Elongation. 


The test-results given in Figs. 20 to 22 by the aid of curves 
show that the yield-point 6s (Fig. 20) and the ultimate tensile 
strength op (Fig. 21) of the copper with increasing additions of 
manganese first increases and then diminishes again. The maximum 
values, the amounts of which can be taken directly from the figure 
lie for all temperatures almost throughout for 3s at io eper ceg 
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of manganese and for og at about 6 per cent of manganese. In 
the case of the cast 18°5 per cent bronze, og reaches almost the 
same values as the 6 percent material. The large ultimate elon- 
gation 6 (Fig. 22) was obtained for the 5°3 per cent bronze; that 
for the bronze with 7°3 per cent of manganese was strikingly small. 

As the temperature rises, the strength and the elongation 
diminish, but no influence, worthy of mention, in this direction 
showed itself till heat values of more than 200° C. were reached. 
As reaching the greatest strength and elongation, the bronze with 
from 5 to 6 per cent of manganese proved to be the most useful 
of all the kinds under observation for structural parts subject to 
tensile strains. 


9. Delta Metal. 


Investigations into the properties of delta metal made by the 
author [15] and by. Unwin [21] respectively are forthcoming. 
According to the illustrations of the results of these given in 
Fig. 23, the Unwin metal, both in the rolled and in the cast 
condition, possessed greater strength and showed less elongation 
than mine. In the cases of both materials and under both con- 
ditions, the influence of higher temperatures showed a general 
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Delta Metal: 1 according to Unwin, 2 according to Rudeloff, 
I as rolled, II as cast. 
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similarity. In the case of the cast material the tensile strength did 
‘not, up to 100° C., diminish to any considerable extent, and 
according to the Unwin tests it even increased; beyond this point, 
however, it underwent a steady decrease. The ultimate elongation 
increased. Beyond 200° C. irregularities showed themselves, and 
the question whether these were caused by side influences, or by 
differences in the rapidity of conducting the tests, or again by 
peculiarities of the materials under investigation, must be left 
unanswered. 
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Fig. 25. 
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In my experiments, the stress at the yield-point remained 
almost unaltered up to 2009 C., and then diminished steadily as 
the temperature rose. 

The influence, for different temperatures, of the manipulation 
(previous extension) on the strength properties after re-cooling has 
taken place are shown for several metals (89) by Figs. 24 and 25. 

The test-pieces are taken from the  tensile-test samples 
made use of at the different temperatures, and are for the most part 
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cut from the parts of these that were most uniformly stretched. 
All the test-pieces are thus stretched in advance by the amounts of 
maximum elongation reached at the respective test-temperatures. 
Proposed additional tests with uniform previous extension for 
all the temperatures could not as yet be carried out. The run of 
the curves-in Figs. 24 and 25 enables the alterations of the stress- 
limits op, os, and og and the ultimate elongation S to be at once 
observed, so that it is not necessary to discuss these in detail. It 
may, however, be pointed out that the copper under ‘investigation 
had been subjected to a certain degree of mecharics) working 
even before the original test was made. 

Le Chatelier (26) stretched swedish iron with 0°06 per cent 
C and soft steel with 0°163 per cent C at 190° C. and 220° C. by 
8 and 8°5 per cent respectively and found the influence of the 
previous extension to be greater in the case of steel with a relatively 
high percentage of carbon, than in that of iron. According to Le 
Chatelier, the hardening is a result of “transformation...“; it requires 
time for its development, and by reason of this the influence of 
the extension at low temperatures decreases with increase of speed 
as a result of incomplete transformation. At temperatures above 
250° C. he considers that the influence of the calcining acts in 
opposition to that of previous extension, and accordingly a rapid 
extension has greater effect here than a slow one. 
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Report on the work done till now by the Subcommittee 1a 
for drawing up International Specifications for Iron and 


Steel, 


‘The Subcommittee recognised it as convenient to come to 
an agreement on the most important points of the various specifi- 
cations, viz.: 

1. Material Manufacture and Test Regulations. 

2. Properties of Material, as tensile-strength, elongation, etc. 

3. Admissible Deviations from dimensions and weights. 

The President of the Committee had therefore drawn up 
summaries, showing. a comparison of the American, British and 
German specifications for structural iron, rails and_ fish-plates 
which: should serve as the basis for the deliberation of the Sub- 
committee. 

The Subcommittee held a meeting July 18 1909 in the room 
of the Iron and Steel Institute in London. There were present: 
Messrs. Vehling, F: S. Robertson, F. W. Harbord and 
W. R. Webster. | 

Mr. Leslie 5. Robertson, Secretary of the Engineering 
Standards Committee, attended in an advisary capacity and greatly 
assisted the deliberations of the Subcommittee through his 
familiarity with the specifications and the work under consideration. 

Mr. G. C. Lloyd, Secretary of the Iron and Steel Institute, 
kindly agreed to act temporarily as Hon. Secretary for the pur- 
pose of taking the records of the business. 

The members who were present expressed their thanks for 
the valuable work, done by the chairman Mr. Rieppel, by drawing 
up the summaries, and hoped that it might be possible to have 
the same published as part of the Committees report to be laid 
before the Congress in September, concerning the unification of 
the specifications for iron and steel. 

The members of each country promised to check their own 
specifications carefully and to notify the chairman shortly of 
any alterations which may be recommended on behalf of the 
Standardising authorities in their respective countries. 

After considerable discussion on the part of the Subcommittee, 
it was however concluded that it would be inadvisable for the 
Commission at this time to recommend any material changes in 
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the standard specifications submitted, as the conditions of manu- 
facture and rolling mill practice vary so much in the different 
countries, and it is thought that better material will be secured 
from any country under the conditions that have already been 
agreed upon by the recognised standardising authorities, consi- 
sting of engineers and manufacturers of the respective country, as 
given in their standard specifications. } 

The Subcommittee endeavoured to embody their views in 
the following resolutions and to suggest means of carrying 
on the work during the next three years with a view 
of ultimately arriving at one international specification for 
each class of material. In order to do this, however, the Sub- 
committee would require the assistance of the Committees in each 
country who have done such excellent work in the past, as shown 
by their specifications that they now have under consideration. 

Finally the Subcommittee decided to ask the British Engi- 
neering Standards Committee to allow their Secretary, Mr. Leslie 5. 
Robertson, to attend the Copenhagen Congress in an advisory 
capacity to the British delegates. 


Resolutions embodying recommendations of the Subcommittee1la 
on the question of International specifications for the Testing 
of Iron and Steel. 


Resolved: 1. That the work of preparing the different specifi- 
cations which have been submitted to us for consideration having 
been very thoroughly done in each country by Committees composed 
of engineers representing both consumers and manufacturers, the 
Sub-Committee Ia advises that the specifications of each country 
recommended by the Deutscher Verband fur die Materialprufungen 
der Technik, The American Society for Testing-Materials, and the 
British Engineering Standards Committee be recommended for use 
for material manufactured in that country on export orders. 

2. That the “comparative summaries“ of the specifications 
of each country and the specifications themselves be printed in 
the Transactions of the Congress in French, German and English, 
and that in each case the requirements be given in the metric, 
American and British systems in order tho make an easy com- 
parison of the specifications. In the event of the Council seeing 
fit to publish these specifications, the consent of the British 
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Standards Committee to publish the British specifications must be 
obtained and the Committee trusts that such consent will not be withheld. 

gee ina copies of these’! specifications’ -be ‘sént='to'the 
Deutscher Verband, the American Society for Testing Materials, 
and the British Standards Committee, and that, when at any future 
time these Associations have under consideration the revision of 
their own specifications, they be invited to compare them with 
the corresponding specifications submitted from other countries, 
and endeavour, wherever possible, to bring them into line with these. 

4. That the present Sub-Committee (1a) be continued, and that 
the Member of Council in each country be made the ex officio 
Chairman or Secretary of the respective meetings of that Sub- 
Committee. 

5. That the Sub-Committee be instructed to hold a meeting 
once a year to consider what has been accomplished, and _ to 
present any new specifications that may be adopted by any ot 
the Associations for other classes of material than those now 
considered. These annual meetings to be held in either of the 
three countries most convenient to the Committee. 

6. The Sub-Committee recommends the Commission to 
confer with the three Associations referred to above and keep 
them advised of the progress made, or suggestions offered, on 
modifications to bring the specifications more into line. That they 
also confer with the manufacturers direct, or through the Association, 
to induce them to roll trial orders of material under the conditions 
of the specifications of other countries, in order to find out how 
far these conditions can be introduced for export orders. 

7. That a standard Drop Testing Machine for rails be adopted 
in each country, as has already been done in the United States, 
in order to make the tests comparative. 

8. That a report be made at the next Congress, after that 
of 1909, on single international specifications for each class of 
material, even if in some cases they may be partially in the form 
of alternative specifications for the same class of material. 


ihe wPresident) ofo@Committee vijwat the sametime 
Chairman of the Subcommittee agreeing to these reso- 
lutions, begs to submit paragraphs 1, 3, 4, 6 and 7 of the 
Same to the approval of the Congress. 


Vill 


In order to define more distinctly the lines for the future 
work of the Association in the domain of International speci- 
fications and to show the important economical advantages which 
could be brought about by them, the referee further desires 
to call the attention of the Congress to the following far- 
seeing suggestions of Mr. Wm. R. Webster, to whom the 
Committee is much obliged for his working out the proposals, which, 
after only slight alterations, have led to the above London 
resolutions. 


Mr. Wm. R. Webster points out in a letter that the Sub- 
comittee has been successful in advancing the work owing to 
their policy to use only one specification from each country 
for any class of material and preferably the specifications of 
the branches of the International Association. 

As to America a large committee, composed in equal parts 
of producers and consumers of steel, has succeeded after 12 years 
work in equalising the different specifications there existing and 
in establishing specifications which can be considered as good 
representative specifications of standard American practice. 

“During this time all of those interested regarded the American 
Society for Testing Materials a Clearing House for Speci- 
fications, 

What the International Association most needs is that the 
Sections, the National Societies in all other countries do similar 
work on specifications for their respective countries, then the 
International Association can likewise act as an International 
Clearing House for Specifications. If the work is carefully 
done by the committees in the several countries, it is not too 
much to expect that we will have a series of general international 
Specifications, endorsed by the Association and recognised the 
world over by consumers and producers of steel and other 
metals. The most important features of these specifications will 
no doubt be very much the same, and will insure getting good 
uniform reliable material no matter where the orders are placed. 

The minor requirements will no doubt vary, but the manu- 
facturers in any country will only be asked to work under the 
requirements that they are perfectly familiar with. 

Under the conditions as indicated above the purchasers of 
steel, rails on other material in any part of the world would 
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only have to consider prices and time of delivery, feeling that 
their interests would be fully protected by the international 
specifications wherever the orders were placed. 

Il is hardly necessary to say that the adoption of a well 
defined policy on International specifications will be of the greatest 
benefit to the Association and the national Societies (Sections) 
of all countries; it is therefore to be hoped that the Con- 
gress agrees to the report of the subcommittee and to 
the plan of work suggested.“ 
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Sub-Committee Ia. a 


International Specifications for Iron and Steel. 


STRUCTURAL STEEL FOR 
BRIDGES AND GENERAL 
BUILDING CONSTRUCTION. 


Comparative Summary of Specifications for Germany, Great 
Britain and the U.S. A. based on the following data: 


a) Drafts of uniform Specifications for Structural Steel (Ein- 
heitliche Vorschriften fur Bauwerkeisen) of the “Deutsche 
Verband fur die Materialprufungen der Technik‘, approved 
1906. No. 24. Booklet 2. 


b) British Standard Specification for Structural Steel. for 
Bridges and General Building Construction, published by 
the Engineering Standards Committee, London, June 1906. 
Na. 15: 

c) Standard Specifications for Structural Steel for Bridges, 
Standard Specifications for Structural Steel for Buildings, 


approved by the American Society for Testing Materials, 1909. 
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1 | Material 


Structural Steel for Buildings 


Siemens-Martin or Bessemer. 


2 | Finish njurious seams, flaws, cracks etc. 


3 Chemical Anate re 
lysis and 


ficate 


contents of: 


4 {| Chemical C o€st values in 9/, 


sition eed 


f 
i 


5 | Branding — with 
} ex- 


per 


| 


ee 
Structural Steel | Rivet Steel 
Bess O11 
O. H. 0.06 0.06 


Every finished piece of steel stamped 

with blow No, except that small pieces 

may be shipped in bundles with metal 
tag attached, 


6 | No. of test piding test from each melt of steel as rolled. 


| 


i eouape Of tesp tests for plates, shapes and bars: 


specimens 


with 
rned 
ngth 
ends 


llers. 


Tn) B (2OS2" 4m) _ 


Yh | (381m) 
TQ" (228-6%m)_ 
CS" C4872") 


1/2"(12-7"/m) 
' ke e; 


> 


' 
4.5 


The standard shape of the test specimen for 
sheared plates shall be as shown by the sketch. 
For other material the test specimen may be the 
same as for sheared plates or it may be planed 
or turned parallel troughout its entire length 
and in all cases where possible, two opposite 
sides of the test specimen shall be the rolled 
surfaces. 


unds tested as rolled, 
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Specifications for Structural Steel. 
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Siemens-Martin hes es 
or Bessemer 
Plates, Rivets and 
Sectional material for ; ? 
Reta A Sectional material 
bridges, Plates and/ ¢ 
‘ Sap for General Buil- 
Rivets for General ding Constructio 
Building Construc- 8 ' 35 
tion. 


Free from cracks, surface flaws, lami- 
nations, etc. 


Of each cast upon request of Purchaser, 


Bridges Building Construction 
fo fo 
P 0.06 (0.06 Plates and Rivets 
| 0.07 Sect, Material 
Se 0.06 0.06 


All plates and sectional material marked 

in 2 places with maker’s name or trade- 

mark, place where made, and No. or marks 
by which they can be traced to cast. 


One tensile test from every cast or 25 tons, 
whichever is least. 
One cold and one temper bend test from 
each plate, section or bar, as rolled. 


For plates and other structural material: 


rs any 
| SS 

1 i Material Siemens-Martin or Bessemer (Thomas). 

2 4 Finish Smooth, free from end blisters and 

defective edge 

3 | Chemical Ana- 

lysis and Certi- 
ficate 

4 | Chemical Compo- 

sition 

by Beamicins Each piece to be marked, with No, of 

cast, in case of cast test being agreed 
upon. 

6 | No. of test pieces | In case ofa cast test being agreed upon: 
3 pieces from each cast at most, how- 
ever, 1 piece from every lot of 20 pieces 
or part thereof. 

In case of no cast test being agreed upon: 
5 from each 100, at most, however, 
1 piece from every 2 tons or part 
thereof. 
| 
| 7 | Shape of test Area = 1/,—3/, sq. in. (800 —500 mm?) 
specimens for tensile strength. 
For rounds of less 


than dia: 25/3.‘ (20mm): /=10 X dia: 


be B82" (220%) 


13/397(10"%m) 778 *(200m) THe" (10"%n) 


For bend tests: 
| width 13/,,—131/3. (80—50 mm); 
Bars, rods, etc,, in thickness according 
to use. 
Outer skin not to be damaged. 


—kivet Bars tested 


for | > Ue | 8 /gi'—7/,"' | FE 3/,!" 
thickness | = oy mm) (9°5- ear (95 m) 
h == Sie a . | Pa 

Se mm) pnt (50° : mm) (63°5 mm) 


ay i. nok less/9” (2286"m)_ | 


Lect 
about 18° (457-2%m) 


> ee 
For bars, rods and stays: 
Parallel for length of not less than 
times dia: 
With enlarged ends: parallel for length 
of not less than 9 times reduced dia: 
full size as rolled. 
Bend test pieces to}be not less than 
11/,"in.*(38'1 mm) wide. 
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U.S. A: 


Structural Steel for Bridges 


Siemens-Martin. 


Structural Steel for Buildings 


Siemens-Martin or Bessemer. 


Smooth, free from injurious seams, flaws, cracks ete. 


Certificate re 


PaS  anGenins 


contents of: 


Highest values in 9/9 


Structural Steel Rivet Steel 


Structural Steel | Rivet Steel 


P. Basic 0.04 


0.04 
Acid 0.06 0.04 
Sh 0.05 0.04 


Every finished piece of steel marked with 
blow No. and name of manufacturer, ex- 
cept that rivet and lattice steel and other 
small parts may be bundled with above 
marks on attached metal tag. 


At least 1 tensile test and 1 bending 


For tensile and bending tests for plates, 


< t Vah02 7%) g™ (2032"%m) 
ree) ber 


Bess 0.1 

O. H. 0.06 0.06 

Every finished piece of steel stamped 
with blow No, except that small pieces 


may be shipped in bundles with metal 
tag attached, 


EEE EISEEnEnEE EE 


test from each melt of steel as rolled. 


shapes and bars: 


1/2"(12-7"m) 
mie 


eee oe 
mel enh 
Milled to form shown in sketch, or with 
both edges parallel; or they may be turned 
to a dia: of 3/, (19°1 mm) for a length 
of at least 9//(228°6 mm), with enlarged ends 


Rivet rounds 
Special regulations for pins and rollers, 


it TY," ‘ (38:1%m) 


(228.6%) 
YS72™m) 


a 


The standard shape of the test specimen for 
sheared plates shall be as shown by the sketch. 
For other material the test specimen may be the 
same as for sheared plates or it may be planed 
or turned parallel troughout its entire length 
and in all cases where “possible, two opposite 
sides of the test specimen shall be the rolled 
surfaces. 


tested as rolled, 


Sub-Committee la. Specifications for Structural Steel. 


Ls coseaeke 
Ge moa i ite ait, sot iatetcl —— 
Structural Steel for Bridges Structural Steel for Buildings 
eee renner eee ee es nr es, 
Sa |plestapteces Cold, sheared edges, etc., removed by | Test pieces to be cut lengthwise or cross- When material is annealed or otherwise similarly treated, test pieces to be 
milling, planing, etc. Test piece to be | wise from plates, and lengthwise from similarly treated. 
annealed only when material from which Sect. Material and Bars. 
it is taken is to be annealed. When material is annealed or otherwise 
treated, test pieces to be similarly treated. 
Straightening to be done cold. Sheared 
edges to be removed by milling, pla- 
ning, eu: 
90. | Physical Tests Only for a thickness of : 
. ’ Loa i dey f' 5 oe Elongation , Elongatio 
Properties: 9/39 —18/s9"' (7 to 28 mm). Tensile Strength | Minimum Tensile |—— ee 000 Tensile | 1 or 
For other thicknesses as to be agreed a Soar! Elon- Oy ee _1,500.000_ __1,400.000_ 
@ 0 agree Ibs./sq. in Strength Tensil Strength Tensil 
Je : ‘| - ‘S ensile F ensile 
upon. | gation °/9 | Ibs./sq, in. l Strensth Ibs./sq, in. : Strength 
Ap lensile: Lesis: | ee ee ee zs 
: Plates and 62.720 —71.680 20 55.000 to 
Tensile Strength — Elongation | Sectional Material (44:1-50°5 kg/mm?) Sirderirall = 60.000 gu Structural! 65.000 Qi 
K 3 < \ c . : —— 990 . 
_ Ibs./sq. in. wile */0 Sa = = = Steel |(42°2 kg/mm?) |(203'2); =< “? Steel (88:7—45 7 | (208°2) =. 23 
ae 25 oe ev -, See a For material under 5/,,. (7-9 mm) thick, kg/mm2) 
Length- 52.625— 62.581 > 20 bend tests only are required. 48 000 as 
wise | (87—44 kg/mm?) | =o tA te) 50.000 gu es gu 
er Ay Rivet Steel oe .5 tay ody ona S27 Rivet Steel, _ 58.000 at See 
Cross- 51,203— 64.004 > 17 Reet nare 58.240—67.200 25 (35:2 kg/mm?) |(203°2)| <= (33°7—40°8 (203'2)| = 
wise | (386—45 kg/mm?) = sea pat kg/mm?) kg/mm?) 
Rivets | 51.203—59.737 > 99 Bend test unnecessary for rivet-bars. Character of fracture: Silky. 
and Bolts| (86—42 kg/mm?) Manufactured rivets: cold bend test: Elongation: For material less than 5/,_ (7:9 mm) and more than 3/,'’ (19-1 mm) 
B. Other Tests: The shank shall be bent 180° until 2 parts in thickness, following modifications allowed: 
1. Plate, section or bar: of shank lain tian one fracture on ®) gs ae ee rey in ets hen “(16 ), eal a deduction of aah 
ade . utside end. ) for each 14/,,'' (1°6 mm) in thikness above 3/,'! ‘1 mm), a deduction of 
a) Bend tests: Rivet head will be flattened, white hot, os ia een eee f 
Tee cee until its dia: is 21!/, times that of the. Se ghee ea tee ne me 
2? Paes é as ae, shank, without cracking at edges. Bend tests: by pressure or blows: 
lengthwise | crosswice = 


Plates, shapes and bars up to 1“ (25°4mm) | Medium steel 3/,” (19'1 mm) and less || 
thick: cold bend, without fracture, to 180° | thick, test specimen shall be of same 


Heating light red hot. | light red hot. thickness as of material from which it is 


Fye-bars and other steel 1“ (25°4 mm) 


| ara cut, but for material thicker than %/,” 
Quenching | Water 28°C, | Water 28°C, thick and over, tested as rolled, (19°1 mm), test piece may be 1/54 (12:7 mm) 
a aS | aa thick. Width for both 14/5“ (388°1 mm). 
Pini ae ayes Pere bea: \ | aie | Test: Medium steel shall bend cold 180° 
of loops ickness nickness aed °P | without fracture on | around a dia equal to thickness of spe- 
| Cieries | outside of bend cimen tested, without fracture on out- j 
ae NOU pet eee ee 1g90 | double side bend 
Fractures te thle el fractures | thickness ; 
permissible 


Angles under hammer: 
W/o” (12°7 mm) and less 
b) Red hot breaking tests: thick bend shut cold with- 


| 
| 


ai trad Sa eee ato) See Ne Nien eS 3/,“ (1491 mm) and less f out fracture 
Got off by | Con- Pana Frac- thick open flat 
forging | dition ‘ ture To be made only when required by 
inspector. 
1 = 8/59!’ 
Area: (80 tae Not 
19 1/4 red | dy=*5/g9 aie 
I1e X 3/4 hot, (20 mm) i 
(40 X 6 mm) 43/14 | missible 
dy—13/46 
(30 mm) 


_ Steel. 


Structural Steel for Bridges Structural Steel for Buildings 


When material is annealed or otherwise similarly treated, test pieces to be 
similarly treated. 


Tensil Elongation Tensi Elongation 

Cbs 1,500.000 ensile 1,400.000 
Strength , | Tensile Strength ; Gaoprtir, 
lbs./sq. in. Strength Ibs./sq, in. Strength | 

lo : | 9%q 
55.000 to 
Structural| 60.000 Bit S 98 Structural} 65.000 8" 
Steel |(42°2 kg/mm2) |(208°2)) <= “? 


Steel | (88-7—45-7|(208-2)| = 28 


kg/mm?) 
: aye yy 48.000 to gu 
‘ay : 58.000 
seh (Cad (35°2 kg/mm?) |(203°2) ma a eet (33°7—40°8 (203°2) = aA 
kg/mm?) 


Character of fracture: Silky. 


Elongation: For material less than 5/,,. (7-9 mm) and more than 3/,‘‘ (19°1 mm) © 
in thickness, following modifications allowed: 

a) for each 1/,,‘‘ (16 mm) in thickness below 5/,, (7'9 mm), a deduction of 21/,9/,, 

b) for each 1/4,‘ (1°6 mm) in thikness above 3/," (19-1 mm), a deduction of 19/o. 

Special regulations for pins. 

Bend tests: by pressure or blows: 


Plates, shapes and bars up to 1“ (25'4 mm) | Medium steel 3/,” (191 mm) and less 
thick: cold bend, without fracture, to 180° | thick, test specimen shall be of same 
: thickness as of material from which it is 
Fye-bars and other steel 1“ (254mm) | cut, but for material thicker than 3/, 

thick and over, tested as rolled, (19°1 mm), test piece may be 1/)“ (12:7 mm) 
as thick. Width for both 11/,“ (881 mm). 


Cold \ Dia Test: Medium steel shall bend cold 180° 
bend. f | of loop | | out fracture on | around a dia equal to thickness of spe- 
| i outside of bend cimen tested, without fracture on out- 
180° onal: side bend. 
thickness 


Angles under hammer: 
1/,“ (12°7 mm) and less 
thick bend shut cold with- 
3/,“ (19°1 mm) and less [{ out fracture 
thick open flat 
To be made only when required by 
inspector. 


Sub-Committee Ia. b 1 


International Specifications for Iron and Steel. 


STEEL RAILS, etc. 


Comparative Summary of Specifications for Germany, Great 


Britain and U. S. A., based on the following data: 
a) Standard Specifications for Steel Rails (Einheitliche Vor- 


b 


ee 


OQ 
= 


schriften fur Oberbaueisen) of the “Deutsche Verband ftir 
Materialprufungen der Technik“, adopted 1904. No. 23, 
Booklet 1 

British Standard Specification for Flat Bottom Railway 
Rails, published by the Engineering Standards Committee, 
London, No. 11; Revised July 1909; British Standard 
Specification for Bull Head Railway Rails, Revised 
July 1909, No. 9; British Standard Specification for Tramway 
Rails and Fish Plates, No. 2, Revised 1909. 

Standard Specifications for Steel Rails and Fish Plates of 
the American Society for Testing Materials adopted 1909. 


- 
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Sub-Committe¢ 


Open Hearth Steel 


Specified in Contract 


Straight in line and surface, smooth on head 
| sawed square at ends, no burrs and the ends 


made clean 


Not to vary throughout their entire length 5“ 
(127 mm) from a straight line in any direction 
when delivered to the cold straightening presses 


11 Material: Bessemer Steel 
2} Process of 
Manufacture: 
3 | Finish: 
41 Chemical | Daily carbon determi- 
Analysis: nations, for each blow 
_and a complete ana- 
| lysis every 24 hours, 
representing average 
| of other elements in 
steel, for each day 
and night turn 
: | 
5 | Chemical 
Composition: 
per cent 
Carbon 0°35 - 0°55, 0°45 = 0-55 
Phosphorous 0°1 not to exceed 
Silicon LOE) ca Ea x 
Manganese 0°7—1:00 0°84 — 1:14 
Sulphur | — 


6 | Section: 


Determinations for each 
heat of all the elements 
specified 


0°46 - 0°59, 0°62 - 0°75 
0:04 not to exceed 

2 Fa Wee ai 

0:60 — 0:90 


According to template furnished by Purchaser 


ror 


Sub-Committee la. 


Specifications for Structual Steel. 


9 | Physical Tests 
continued 


10 | Rejection 


11 | Permissible 
Variations 


Geet tm aoney 


G fenaetee ben t ain 


Structural Steel for Bridges 


Structural Steel for Buildings 


2. Rivet and bolt material: 
a) Bend Tests: 


Section: bars, rods, ete. 
Heating: light red hot. 
Quenching: Water with 28° C. (80°F.) 
Dia of loop: half thickness. 
Fracture: not permissible. 


b) Jumping Tests: 
length before jumping = 2 & dia. 
heating: as by rivetting. 
length after jumping = 2/3 x dia. 


For each test that fails, 2 further tests to 

be made from corresponding material, but 

should either of latter tests fail, material 
can be rejected. 

Should test piece break outside of the 

middle third of gauged length, another 

test to be made, if elongation insufficient. 


Bend tests, cold and hot: 
When hot: 


Heating: blood red. 
Quenching: 28°C. (80° F.) 
Bending: 180°. 
Test pieces to withstand, without fracture, 
being doubled over until internal radius 
not greater than 11/, times thickness of 
test piece, and the sides are parallel. 


Should test pieces first selected not fulfil 
requirements, 2 further tests may be made, 
but should either fail, material from which 
test pieces were cut shall be rejected. 
Further tests to be made before material 
from same cast is accepted. 
Should a tensile test piece break outside 
middle half of its gauge length, test may 
be discarded and another test made from 
same material. 


+ 21/,9/) calculated weight. 


Rivet Steel: 


———) 


Dia. of loop: flat 
Break: gradual. 


Appearance: 


If the ultimate strength varies more than 
4000 Ibs/sq. in, (2°8 kg/mm?) from that 
desired, a retest to be made which, to 
be acceptable, shall be within 5,000 lbs. 
(3°5 kg/mm2) of desired ultimate. 
Check analysis shall be made from finished 
material, if called for by purchaser; excess 
of 259/, allowed. 


fine, silky, uniform fracture, 


Bend tests: 


Bend cold 180° flat without 


—— 


fracture on outside of bent portion. 


Should test piece break outside of the 
middle third of gauged length, another 
test piece substituted therefore. 


With regard to permissible variations from specified weight and dimensions, there 
exist special regulations, for plates. For all other steel parts, the variation In cross 
* . : . : = » 91/.0/. 2 IS 
section and weight of the single pieces may amount to 21/5°/) at the most. 


7 


8 


Sub-Committee la. 


Specifications for Steel Rails. 


Germany 


Great Britain 


Rails and Tongue Rails | Tramway Rails 


Branding: Each rail to have manufacturers mark and year 
either when manufactured or when put to use 
in raised letters, also number of blow. All on 


web. 


Impact Test; 

Drop The first blow 
10,850 ft/lbs 
(1500 m/kg); 

the others 8680 ft/Ibs 
(1200 m/kg) 


The rails have to stand | 
the following tests: 
For rails weighing from 
474/. lbs/yd (23:8 m/kg) | 
and over 
10°850 ft/lbs (1500 m/kg 
For rails weighing from 
401/, lbs/yd (20 m/kg) 
and down to 
474/- lbs/yd (23°8 m/kg) 
7238 ft/lbs (1000 m/kg) 
For rails weighing from 
321/, Ibs/yd (16 m/kg) 
down to 
401/, lbs/yd (20 m/kg 
5424 ft/Ibs (750 m/kg) 


4 ft. 33/,, in. (1°38 m) 


Weight of Tup 


Length of test piece 


fied, (lei) 


Centres of bearings 


Until required deflection 


At least 315/,, in. At least 23/, in. 
(100 mm) forsection of | (60 mm) with sections 
heigh 55/,,in.(184mm) | up to heigh of 515/,, in. 
and at least 51/, in. (150 mm): 

(130 mm) for tongue beyond that at least 
rails, Forothersections —_ 181/,. in. (60 mm) 
including tongue rails | 
vice versa proportiona- | 
tely to the heights of | 
sections, 


Number of blows 


Required deflection 


1 Test for each lot of 200 rails and portion 
thereof. 


Number of Tests 


Flat Bottom Railway | Bull Head Railway 


Rails 


Rails 
QU Brand (see sketch) rolled on web 
»B. S.“ Number. Process of manufac- 
ture: name, initials or other recognised 
mark and month and year of manufacture 
rolled in ?/, (19°0 mm) letters and the number 
of the cast or blow stamped in 4/,“ (12°7 mm) 
block figures on end of each rail, 


8—30 ft. 


ott, 
(2-44-14 m) 


(1°52-2'42 m) 
1st blow, 
| 10— 20 ft. 
(3°05-6:10 m) 
2nd blow 


In 9 stages 
for rails of 
60--100 
Ibs/yard 
(80-50 kg/m) 


In 17 stages 
for rails of 
20 —1L00 
Ibs/yard 
(9-J-40'5 kg/m) 


TCT OE AED 


2240 lbs 
(1016 kg) 


5 ft. (1°52 m) 


560-2240 Ths 
(254-1016 ke) 
5 ft. (1°52 m) 
For 20—65 lbs/y. (9°9— 
32 kg/m) 3 ft. (0°9 m) 


3 ft. 6 in. (107 m) 


For 70 to 100 Ilbs/y. 
(84°7-49°5 kg/m) 31/y ft. 
(1:07 m) 
1 blow 2 blows 
= From 1“ — 45/464) 1st blow: 
(25°4-33'3 mm) ( according to 
to 7/9 — 15/4,( weight 
(22-2-83°3 mm) J of section 


From 3'* — 33/4" 

(76°2-95"2 mm) | 2nd blow: 
to of’ — Al] | ditto 

(76°2—-108'0 mm) 


1 test from each cast, | 1 test from each cast 
in addition one finished 
rail from every 


200 offered. 


Tramway Rails 


V 


Same, without 
mention being 
made of month 


15 ft. (4°57 m) for rails 
less than 100 lbs/yard 
(49°5 kg/m) 

18 ft. (5°48 m) for rails 
of and exceeding 
100 Ibs/yard (49°5 kg/m) 


at least 2240 Ibs. (1046 kg) 
Deeb a) 


3 ft. 6 in. (1:07 m) 


1 blow 


1 test from each 80 rails 


Rails O. H. Rails 


| 


Name of maker, weight | Name of maker, weight! 


of rail and month and|of rail and month and 
year of manufacture | year of manufacture 
rolled in raised ietters| rolled in raised letters 
on the web and number | on the web and number 
of melt stamped on each | of blow and the letters 
rail. O. H. stamped on each 
rail. 


Rails 70 lbs. per yard (34°7 kg/m) and over to 
have a letter stamped on side of web to indicate 
the portion of the ingot from which the rail was 


rolled. 
15—18 ft. 
(457—5'48 m) 
In 5 stages for 
rails of 
50—100 Ibs/yard 
(24:°8—99'5 kg/m) 
2000 lbs. 
(906 kg) 


Anvil Block of 20000 lbs. (9060 kg) at least in | 


standardized drop testing machine in general use 
to be described. 
4—6 ft. (1°22—1-83 m) 


3 ft. (0°91 m) 


1 blow 


1 test from every cast 


/ 


| 
| 
| 
| 


| 
| 


Rails. 


ritain U.S.A : ) 

i | 
— Tramway Rails Rails | O. H. Rails | 
2 : 

; | 
on web Same, without | Name of maker, weight | ame of maker, weight | 
manufac- mention being | of rail and month and| of rail and month en 
ecognised made ofmonth]| year of manufacture | year of manufacture | 

inufacture rolled in raised ietters rolled in raised letters} 
1¢ number on the web and number/ on the web and number | 
27 mm) | of melt stamped on each | of blow ‘and the letters] 
rail, rail - |O.-H. stamped on each | 
| rail, : | 
| Rails 70 Ibs, per yard BLT kg/m) and over to} 
have a letter stamped on side of web to indicate | 
the portion of the ingot from which the rail was 
' rolled. ry 
| 15 ft. (4°57 m) for rails 15—18 ft. ee 
| less peat 100 lbs/yard (457—548 m) Pee 
| 18 ft. es 48 m) rs rails een 
of and exceeding In 5 stages for rica 
n 9 stages 100 Ibs/yard (49°5 kg/m) rails of 
or rails of 50—100 Ibs/yard:. | 
60100 (248—99 kg/m) | 
lbs/yard | : | 
30-50 kg/m) | i 
2000 Ibs. pA 
| (906 kg) 7 
Anvil Block of 20000 ibs. (9060 kg) at least in | 
standardized drop testing machine in general use | 
at least 2240 Ibs. (1016 kz) to be described. H 
52 m) 5 ft. (1:52 m) 4—6 ft. (1:22—1-83 m) e 
(1°07 m) 3 ft. 6 in. (1-07 m) 3 ft. (0°91 m) Pt 
f | 
a = | 
Ws 1 blow 1 blow 
{st blow: | = 3 
according to | aie ; | 
weight = | ) 
of section ) 
2nd blow: ) 
| ditto | 
each cast |1 test from each 80 rails 1 test from every cast i 


Sub-Committ 


4 10 


Tensile Tes 


Dimensions oft 
piece. . 


Tensile strengt 


. Elongation 


No. of tests 


Rejection. 


If any rail breaks under drop test, 2 additional 


of latter tests fail, all rails of such blow will 


Rails : O. H. Rails 


not called for 


tests will be made from same cast and if either 


be rejected 


Sub-Committee la. Specifications for Steel Rails. 


Germany Great Britain WES #8 


Rails and Tongue Rails Tramway Rails Flat Bottom Railway Bull Head Railway Tramway Rails Rails O, H. Rails 
Rails Rails 
ee | ee. S| eee eee | eS ee O_o eee 
1+ Material: Ingot Steel Steel Bessemer Steel Open Hearth Steel 
2 Process of Optional Optional Specified in Contract 
Manufacture: to be specified, however, in tender. the purchaser, however, to approve. 
3 | Finish: No cracks, fuse holes, — Uniform section throughout true to templates, per- Uniform section Straight in line and surface, smooth on head 


injurious seams burrs 
or defects of every 
kind. Square at ends. 


fectly sound and straight and free from splits, 
cracks, burrs and defects of any kind. 


throughout accurately 
rolled to conform 
to template, perfectly 
sound and free from 


sawed square at ends, no burrs and the ends 
made clean 


Not to vary throughout their entire length the 


HAS oy (127 mm) from a straight line in any direction 
twists, blisters, flaws, when delivered to the cold straightening presses 
fins and other defects ne ey 

ro | 
4 | Chemical Not required, Carbon and phosphor- Carbon determinations Carbon determinations | Daily carbon determi- | Determinations foreach 
Analysis: | ous determinations of of each cast. An an- of each cast. An an- nations, for each blow | heat of all the elements 
each cast, An analysis alysis, representing alysis, representing and a complete ana- specified 
representing average average of other ele- average of other ele- lysis every 24 hours, 
of other elements in ments in steel, to be ments in steel to be representing average 
steel, to be given for given for each rolling given for each rolling of other elements in 
each rolling up to 200 up to 200 tons each, up to 100 tons each. steel, for each day 
tons each. When rolling When rolling exceeds When rolling exceeds and night turn | 
exceeds 200 tons an 900 tons an additional 100 tons, an additional 
additional complete complete analysis to complete analysis tobe | 
analysis to be made be made for each 200 made for each 100 tons 
for each 200 tons or tons or part thereof. or part thereof. 
part thereof. 
5 | Chemical 
Composition: 
per cent 
Carbon —_ 0:35 05 0°35 —0°5 0°'4—0°55 0°35 - 0°55, 0°45 - 0°55 0°46 - 0°59, 0°62 - 0°75 
Phosphorous — 007 not to exceed 0'075 not to exceed 0-08 not to exceed 0:1 not to exceed 0:04 not to exceed 
Silicon mr O11 ” ” ” O11 ” ” ” 0-1 ” ” ” 0-2 » ” ” 0°20 » ” 
Manganese — 0-7—1:0 0:7—1:0 0-7—10 0-7 — 1:00 0:84 — 1114} 060 — 0:90 
Sulphur — 0:07 not to exceed, 0:08 not to exceed, 0:08 not to exceed. — | — 
6 | Section: According to template furnished by Purchaser. Each section to be accurately rolled to its respective template. According to template furnished by Purchaser 
2 Sets of templates (internal and external) supplied by Manufacturer 
upon request of Purchaser, 


Sub-Committee 


Ll Permissible 
Variations: 


a) Dimensions in 
length 


In straightness 


In position and 


size of holes 
In width of head 


In thickness of 


web 


In width of 
bottom 


In heigth 


b) Weight 


la. 


Specifications for Steel Rails. 


Germany 


Rails and Tongue 
Rails 


Up to 291/, ft, (9 m) 
THhas in. (2 


to 291/, 


mm) 
ft. (9 m) 


mm) 


Above 
acts B 


[8 
No variation in the case 


of tongue rails, 


G tf 6 aet 


Tramway Rails 


Up to 89 ft. 4 in. 
(12 m) +1/, in. (8 mm) 


59/, of contract may be shorter than 


specified 


Warped rails not 
accepted 


41/5. in. 


5 (1 mm) 


+1/,) in. (0.5 mm) 


+1/59 in. (0.5 mm) 


+1/5, in. (1 mm) 


+1/5) in. (0.5 mm) 


+30/, to —2/, 


Additional weight up to 

19/, will be paid for; 

otherwise the 

weight, Normal weight 

being the actual weight 

of 50 faultlessly rolled 
rails, 


actual 


Up to _ ne (8 mm) for 
291/, ft. (9 m) vertically 
and ean Those war- 
ped rails which are more 
than +1/,, in. (+1.5 mm) 
from the straight will 
not be accepted. 


+1/5, in, (1 mm) 


in. (1 mm) 


a1 mm) 


t1/,5 in, (2 mm) 


+1/,, in, (1 mm) 


+49/, to —3°/, 

Additional weight up to 
1°/, will be paid for; 
otherwise the actual 
weight. Normal weight 
being the actual weight 
of 50 faultlessly rolled 

rails, 


Flat Bottom Railway 


Bull Head Railway 


| 
Rails | Rails 


Normal length 9°144, 


B tmetea. 1 11 


Tramway Rails 


Normal length 10°668, 


10-973, 13°716 or 18-288 m | 13-716 or 18°288 m (35, 


(30, 36, 45 or 60 ft.) 
+3/,, in. (4°86 mm) specified length 


71/,0/) of contract may be shorter than 
specified 


+1/55 in. (0°8 mm) | +1/3. in. (0°8 mm) 


+1/,9/) calculated weight 


but calculated weight only paid for. 


45 or 60 ft.) 


21/,—5°/, shorter as 
specified 


+ 1/, in, (6°3 mm) from 


the lengths specified 


For Fishbolts 1/3, in. 
(1:6 mm) 


+1/39 in. (0°8 mm), 
Distance between 


Fishing angles +1/,, in. 


(0°'4 mm) 
max, 1 lb per yard 
(0°5 kg/m) 


U. 5. A. 


O, H. Rails 


Normal length: 30 and 383 ft. (9°144 and 10°058 m) 
10°/) of order will be accepted in length varying 


by even feet to 24 feet (7-312m). 
+1/, in, (6°35 mm) specified length. 


Square atends not over 1/39 in, (0°8 mm) variation. 
Must be straight in line and surface. 


Must accurately conform to drawing, 


M46 in, (1:6 mm) 


1/j, in. (1°6 mm) 


— es in. to = tes in. (O°4 to + 0:8 mm) 


#1 2°/o 
accepted and paid for according to actual 
weight. 


The finishing temperature in rolling is con- 
trolled by the amount of shrinkage not more 
than 67/1, in. (1635 mm) allowed per 38 ft. 
(10058 m) 75 Ib. rail (87-2 kg/m) — with 4/15 
(1°6 mm) increase per each increase of 5 lbs. 
(25 kg) in the weight of the section. 
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Teer Tramway Rails Rails O, H. Rails 


lL 


ah 9°144, | Normal length 10°668, | Normal length: 30 and 83 ft. (9144 and 10-058 m) 
yt 18-288 m | 13-716 or 18:288 m (35, 10°/, of order will be accepted in length varying 


if By) eae by even feet to 24 feet (7:312m).- 
\th 21/2—59/9 shorter as ' +1/, in. (6°35 mm) specified length. 
' i specified 

than 


+ 1/, in, (6°3 mm) from 
the lengths specified 


Square atends not over 1/g9 in, (0°8 mm) variation. 
Must be straight in line and surface. 


C 
( 


8 mm) For Fishbolts 1/4. in. Must accurately conform to drawing. 
é (1°6 mm) 


1/,, in. (1'6 mm) 


1/,, in. (16 mm) 


1/39 in, (08 mm). —1/g, in, to 41/55 in. (04 to + 0-8 mm) 
Distance between 
Fishing angles +1/,, in. 


(0'4 mm) 
max, 1 lb per yard +1/,9/9 
(0°5 kg/m) accepted and paid for according to actual 
for. weight, 


The finishing temperature in rolling is con- 

trolled by the amount of shrinkage not more 

than 67/1, in. (163-5 mm) allowed per 388 ft. 

(10°058 m) 75 Ib. rail (87-2 kg/m) — with 1/,, 

(16 mm) increase per each increase of 5 lbs, 
(2:5 kg) in the weight of the section. 
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International Specifications for Iron and Steel. 


FISH PLATES 
(Laschen). 


Comparative Summary of Specifications for Germany, Great 

Britain and U. S. A., based on the following data: 

a) Standard Specifications for Steel Rails (Kinheitliche Vor- 
schriften fiir Oberbaueisen) of the “Deutsche Verband fur 
Materialpriifungen der Technik‘, adopted 1904. No. 23, 
Booklet 1. 

b) British Standard Specification for Tramway Rails and Fish 
Plates No. 2, Revised 1909. 

c) Standard Specifications for Steel Splice Bars (Fish Plates), 


American Society for Testing Materials 1909. 
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Sub-Committee 


Material 


Bum S! A. 


Splice Bars 


Process of Mant Bessemer or Open Hearth. 


Finish 


Chemical analys 


Branding 


Physical Tests: 
Tensile Test 


Bending Test: 
Span . 


Permanent Beis 


Wedging Test: 


(Aufkeilprobe) | 


Number of Tests 


ithly rolled and true to template. Sheared accurately 
ingth and free from fins or cracks and shall 
tetly fit the rails, Punching and notching shall 
vately conform in every respect to drawings and 
| dimensions furnished. 


Phos not over 0°10. 


jname of the maker and year of manufacture 
be rolled in raised letters on the side of the 
splice bar, 


0—64.000 Ibs. per sq. in. (87-9—45-0. kg/mm?) 


ngation in 8” (2032 mm) not less than 25°/). 


180° fat EE 


| sized bar first flattened and then bent 180° flat. 


| 
| 
) 


| 
| 


| 1 test from each biow or melt. 


I 


ctu 
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Specifications for Steel Rails. 


Ue sees 


= 
Germany Ceteera taeetelande is @ 
Rails cp ake Tramway Rails | Flat Bottom Railway Bull Head Railway 
Rails Rails 
OieevensilezPests Diameter 


Dimensions oftest 
piece 


Tensile strength 


Elongation 


No. of tests 


Rejection. 


81/59 in. 
length 


(25 mm) diameter, 77/, ins. (200 mm) 
from centre of rail head of pieces which 
have been subjected to impact test 


min. 46: t. p. sq, in 
(70 kg/mm”) 


min, 39 t. p: sq. in 
(60 kg/mm?) 


To be given 


1 test for each lot of 200 rails and portion 
thereof 


Should the test piece fail to comply with the 

Impact and Tensile Tests, a second and even- 

tually a third rail is taken from the same cast. 

Should one of these fail to fulfil the specified 

requirements, all the rails belonging to such 
cast may be rejected. 


The whole delivery can be rejected if on testing 

no settled conviction is arrived at of the faultless 

condition of the rails, or, if after the rails are 

accepted, defects or defaults, arise showing that 

the rails have not been made in accordance 
with the specified condition 


(144°3 mm) 0°564 in. (20°3 mm) 0°798 in. 


Area (161:3 mm) 1/, sq. in. (822°6 om) 1/, sq. in. 
Gauge length (50°8 mm) 2“ (762 mm) 3" 
Parallel for a length of 


not less than (67-2 mm) 21/,“ (85°7 mm). 33/3" 


(63—75°6 kg/mm?) 
40—48 t. p. sq. in. 


(59°9—70°9 kg/mm?) 
A)—48 t p. sq. in. 
15 °/) (min,) 15 °/, (min.) 


1 test for each 100 t 
rails 


1 test for each 100 t. 
rails 


Should the length cut from the selected rail fail to 

comply with the drop test specified, two other 

rails from same cast will be selected, both of which 

must comply with specified requirements or cast 
will be rejected 


Should the test piece fail to comply with the 
tensile test, 2 other rails may be taken from the 
same cast, both of which must comply with the 
specified requirement or cast will be rejected. The 
Engineer may then take similar thest pieces from 


two other rails out of the same 100 tons and| 


should either fail whole 100 tons may be rejected 


Tramway Rails 


(50°38 mm) 2 ins. long 


| (322°6 mm?) 1/5 sq. in. 


approximate sectional 
area 


(63 kg/mm? S 
at least 40 t/sq. 


101/2°/o 


1 test for each 100 t. 
rails 


If the test piece fractures 
under drop test. all raiis 
from that cast may be 
rejected unless it is 
shown from similar trial 
on 2 further 
rail, that 1st piece was 
not fairly representative 
of quality of steel 


Should test piece fail to 
comply with tensile test, 
another rail may be taken 
from the same cast and 
it must fulfil specified 
requirements or cast 
will be rejected 


pieces of 


; 


ed 


Rails O. H. Rails 


not called for 


If any rail breaks under drop test, 2 additional 

tests will be made from same cast and if either 

of latter tests fail, all rails of such blow will 
be rejected 


Sub-Committee la. 


Specifications for Fish Plates. 


Rejection of Fish 


Permissible Variations: 


8 
a) dimensions: 

In length 

In position and size of 
GUES saacces) Nee Sas, «Oe 

In beating face... . 

Pri thiekness. vse ee 

In other dimensions . . 

In distance of clinches 
(Im Abstande der Ein- 
klinkungen) 

In size of clinches 


b) Weight . 


Plates 


Germany 


Great Britain 


Fish Plates for Railway and Tramway Rails 


If 2 from each 100 of a part delivery submitted for 
acceptance fail to comply requi- 
rements the whole of such part delivery may be 


with specified 


rejected 


+ 1/, in (8 mm). 


+ 1/,, in, (05 mm) 
+ Us9 in. (0°25 mm) 
+ 1/,, in. (05 mm) 
“di iit Ap Init) 


+ 4. in. (2 mm) 


+ 1/9, in. (1 mm) 


+ 389, to — 29/, 


Additional weight is paid for up to 19/) 


Fish Plates for Tramway Rails 


NS ee 


(Same as for Tramway Rails) 
If the first test piece fails to comply with the 
specifications, another test piece of same cast will be 
tested 


+ Hipeine (6 mm) 


Actual weight is paid 


Os 


Splice Rails 
e 


Each blow or melt accepted or rejected on results | 
of tests from that blow or melt 


\ Must be rolled true to template 


Actual weight is paid 


lates. 


eat Britain >. AS 

es for Tramway Rails Splice Rails 

s for Tramway Rails) Each blow or melt accepted or rejected on results 
iece fails to comply with the of tests from that blow or melt 


er test piece of same cast will be 
tested 


‘Iyg in. (1°6 mm) 


Must be rolled true to template 


al weight is paid Actual weight is paid 
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VIlle 
SIMPLIFICATION OF THE METHODS FOR 
Oo THE TESTING OF STEAM, GAS, AND oO 
WATER PIPES MADE OF WROUGHT IRON. 


By A. C. Karsten, of Copenhagen. 
Translated from the German by A. R, Liddell, Charlottenburg. 


Professor Hannover, Director of the State Testing Establish- 
ment of Copenhagen, made a communication to the Congress which 
assembled in Brussels in 1906 on some very comprehensive tests 
on wrought iron steam, gas and water pipes, which were carried 
out by the Establishment in the first-named city atthe instance 
of the Danish Society of Engineers, and at the same time gave 
particulars as to the standards for the delivery of the pipes, 
which were approved by the above-named society mainly on 
the ground of the tests in question (see Congress Report C. 3). 
Since then a series of tests on pipes from various deliveries have 
been made in accordance with these standards. The results of 
these later tests made up to August 15 1909, are put together in 
the following tables Nos. I and I], and comprise I. steam-pipes, 
II. gas-pipes, and II. water-pipes. 


All the pipes belonging to one and the same delivery are 
given between two horizontal lines, and the tests with pipes that 
do not conform to the standards are marked with an asterisk. 

An internal-pressure test was not included in the series, be- 
cause it had been established by earlier experiments, that all the . 
pipes which withstand a bending test are able to bear a much 
higher internal pressure than the conditions require, 
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From tables I and II it may be seen, that altogether 49 steam- 
pipes and 33 gas and water-pipes were tested. 80 tensile and 66 
bending tests were made with steam-pipes, and 62 tensile and 46 
bending tests with gas and water-pipes. Of the whole number 
tested, 9 steam and 9 gas and water-pipes dit not prove thoroughly 
satisfactory, but only three of the former and 5 of the latter category 
showed grave defects. 

To enable these good results to be appreciated it must, 
however, be mentioned, that the deliveries, from which the sample 
pipes were chosen, were to be in accordance with the 
standards laid down, and that the suppliers of the pipes will 
certainly have endeavoured to obtain these from the best makers, 
but the results also show that it is possible in the case of deli- 
veries of quite an ordinary character to obtain from the existing 
works pipes which conform to the standards, while on the other 
hand tests with pipes from other works of less excellence would 
hardly be able to produce such good results. 

In view of the experiences meanwhile obtained a committee, 
which was chosen by the Danish Society of Engineers, and over 
which I have the honour to preside, has drafted out a proposal 
for a revision of the conditions at present in force. 

The text of this proposal is as follows: — 


Conditions for the Delivery of Wrought Iron Pipes for 
Steam, Gas, and Water Services. 


§ 1. The pipes are to be as straight as possible, round, and 
free from rust and visible defects. 

The external diameters of light and heavy pipes shall be 
approximately alike, in order that the same connection-pieces may 
be made use of for both kinds, without their having to be more 
deeply cut than is necessary for the attainment of a clean thread. 

All threads shall be cleanly cut and of suitable lengths. 
It is to be recommended that the thread be protected in each case 
by a muff. Unless otherwise specified, the thread is to be cut after 
the manner of the German standard pipe-thread*). 

The supplies is under obligation, on request, to communicate 
the name of the works from which the pipes are obtained. 


*) See ,Hiitte“, 1908, Vol I, pag. 668. 
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§ 2. The weight of the pipes without connection-pieces shall 
at least fulfil the requirements of the following table: 


ae Ci Sep: Light sg Heavy es 
: orresp. . orresp. 
Intemal| External | weight | Serer | weigne | etc 
Engl. in. mm in kgs. Diameter Pat ees. Diameter 
age fe lteernre Wenner 8) Sine 7 ee 
3/¢g 16°5 80 12:0 102 10°5 
1/3 20°5 110 150 140 13°5 
3/4 26°5 178 21-0 216 aa 
1 33°0 250 26'5 305 24°5 
14/4 42°0 330 35°0 400 33°0 
11/, 480 413 40°5 495 38'°0 
13/4 52:0 495 44-0 590 42:0 
2 59-0 578 51:0 690 49°0 
21/4 79.0 664 62:0 795 61:0 
21/5 76:0 750 68°0 902 66:0 
3 89-0 925 80°5 1118 78°5 
31/5 101°5 1098 92:0 1358 89°5 
4 1140 — 1275 1040 1550 102°0 


The receiver is entitled to refuse, as unacceptable, every 
pipe the weight of which is more than 6 per cent less than that 
given in the table. 


The receiver is entitled to test the pipes with an internal 
pressure of 20 atmospheres; the pipes are to be filled with water 
and the pressure is to be produced by means of a force pump, 
while the pipe is at the same time to be subjected to gentle blows 
with a hammer of }/, to 1 kg in weight. The receiver is entitled 
to refuse, as unacceptable, pipes which, on submission to tests 
of this nature, show cracks or leakages. 


§ 8. If patent welded tubes be specified, this refers to pipes 
of 2 ins. or more in diameter. At the delivery of patent welded 
tubes the receiver is entitled to require, that after the application 
of the etching test no butted joint shall be discernible. If seamless 
tubes be specified, the receiver. may demand, that after the etching 
test has been applied no welded joint shall be discernible. 


§ 4. The pipes are to be made of soft ductile material. As 
a proof of this the material is to be submitted to a tensile and 
the pipes to a bending test. 
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a) For pipes of 11/, or more in diameter the tensile test 
is to be made on strips taken parallel to the length direction. The 
strips are to be 220 mm long by 30 mm broad and are to merge 
gradually into the head of 835 mm in breadth by 115 mm in length 
at each of their ends. © 


They are to be straightened at a dark red heat with a wooden 
hammer. Two strips are to be taken from each of the pipes to 
be tested, one from the middle and one from each end of it. The 
strips must not contain any welded butts. 


In the case of pipes of less than 11/,’’ in diameter the tensiig 
test is to be made with pieces of pipe 450 mm in length, the ends 
of which are closed by plugs. 


At these tests the material is to have an ultimate tensile 
strength of at least 33 kgs. per sq. mm. with a 12 per cent elon- 
gation on a measuring length of 200 mm. 


b) The bending test is to be made cold on pieces of pipe 
filled with tine sand and closed at both ends with plugs. The 
pieces of pipe are to be bent over blocks with corner-radii as 
given in the following. 


For steam-pipes: radius of corner of the block 3 times the 
nominal internal diameter of the pipe. 


For gas and water-pipes: radius of corner of the block 
4 times the nominal internal diameter of the pipe. 


2‘ tubes are to withstand bending to an angle of 120°, and 
smaller ones to 90° without any injury to the material showing itself. 

During the test the welded edge, in the case of a welded 
tube, shall lie as far as possible to an outer side, that is to say, 
as far as possible from the plane in which the axis of such tube 
and the direction of bend are situated. 


All the sample pipes are to be taken by the receiver from 
the material delivered. 


§ 5. Should the receiver wish to submit the pipes to a test 
in accordance with the prescriptions of §§ 3 and 4, he is entitled, 
himself to determine the number of pipes to be tested. If at least 
90 per cent of the tested pipes of each dimension fulfil the 
conditions contained in $$ 8 and 4, all the pipes are to be 
regarded as having fulfilled the contract. 
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Tables of Weights of Heavy Wrought Iron Pipes. 


mm 


2000 2 
Sige 1ecnme me 
Bian 


oe 


80 ry 
le 
Be 
Ht apa HH 
HEREC i 
Bi chau amu 
aeau 
can 
fH 
i nag 
a va 
E |_| 
’ A 
Qa 
= e 
500 4 4 
|_| a 
- | 
|_| 
“ ” 4 


Figs 1; 


corse The Weights of Pipes now customary. 
— The Weights of Pipes proposed in the Standards. 


Tables of Weights of Light Iron Pipes. 
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Fig. 2. 
sesteee The Weights of Pipes now customary. 
— The Weights of Pipes proposed in the Standards, 
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Test Results of Wrought 


Wied eld se) Po. cet 


*) Test not withstood. 
R = Tested piece of pipe, 


3 Io 8. Wall- | External Area Total one 
Dl 2) Sometive Thick- | Diam. or of te i 
a |g: "S| Pieces of | nesses Breadth | section | . 
E |@£2 "| Pipe in mm | in mm | in mm2 | im kgs. | kg/mm? 
a lax 
pe aN a el ee SO eee cee ee 
5784] 1 R. 43 33°9 399°9 Unclear — 
5785] 1 i. Arh, 33'8 406°4 9263 22:8 
5786} 12/, — 4D 30°1 135°5 Unclear —- 
*)5787] 12/5 a a3 a ie -- — 
*\5788 | 2 aod 2 01 156° — — 
5189 2 _ 5:1 801 153'5 3888 25°3 
*)5790] 3 — 53 30°0 159:0 4400 27°7 
5791] 3 _ 53 30°0 159 0 4610 29°0 
5792] 4 -- 5 30°1 165°6 4113 24'8 
5793] 4 a 56 30°1 168°6 4030 23°9 
57941 6 -- 63 30°0 1890 | c.4500 c. 23°8 
57951 6 —- 6-4 30:0 192:0 4350 22:7 
65711 2 E, 3°9 29 9 116°6 8675 31°5 
6572] 2 M. 3°9 29:9 116.6 4138 85°5 
6573] 2 E. Ary 29°9 122°6 4000 32:6 
6574] 2 M. 3°9 29°9 116°6 4110 35°2 
6575] 1 R. E. 34 32'6 oll 10050 322 
6576] 1 R. M. 34 32°6 311°9 10310 831 
6577) 1 Rak. 3°6 33:3 335'9 12315 36°7 
6578} 1 R. M. 36 33°2 334'8 11835 35'3 
5764] 2 a 48 30°0 1440 | Unclear a 
5765] 21/5 — 55 30:0 1650 4758 28°8 
5913] 11/4 E, 43 30°0 129:0 Unclear oo 
5914) 14/4 M. AD 30°0 135°0 — — 
5915} 2 _- 49 30:0 147:0 3163 21°5 
*)5916} 21/, E. 50 30°0 150:0 8213 21°4 
5917] 2!/. M. 5-0 80°0 150 0 3180 21:2 
5918] 11/, E. 4d 30°0 1350 Unclear — 
5919| Ly, | M. 47 300 | 141°0 iat es 
6175 Pe PM ea’ 3°5 26°7 250k — 
6174) %/,) RM 35 26°7 255°1 — —_ 
6176] %/,| RE 3:3 266 | 2415 ee es 
6177 Bie > RM. 3:3 26°6 241°5 — —= 
6198] 2 E. 49 29°9 146°5 3953 27-0 
6199] 2 M. 49 29°9 1465 4508 30°8 
6200] 2 E. 47 29°7 139-6 Unclear ~— 
6201] 2 M, 47 29 9 140°5 = — 
6190] 3 Es 51 30°0 153°0 3868 25'3 
6191) 3 M, Ad 30°0 135°0 3405 25°2 
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Iron Steam-Pipes. Table I. 


Breaking Point 


Total Load Percent. Observations Bending Test 
Load in of Elon- $e 
in kgs. | kg/mm? gation 


13683 34:2 18°8 — Test withstood 
14708 36:2 25°0 — f 

5050 387°3 16:2 = . 

4783 34°7 9:0 Sample broke in straightening Broken across 
5453 34:8 7:8 ze Test withstood 
5605 36°5 14:0 —— : 

5760 36:2 99 = ae 

6195 39°0 15°0 anes ae 

6110 36'9 13°4 ae Las 

5998 35'6 15°8 cans Ue 

6575 348 18°9 — = 

6420 ao°4 — aes a 

5083 43°6 16:2 a Test withstood 
5340 45°8 15:0 ee, “ 

519) 423 20°5 = 4 

5090 437 16:9 — c 

13025 41°8 25'8 : fe J 

12895 41°3 26°0 — e 
16140 481 22°4 —— s! 
15200 45:4 23°9 =~ " 

5335 37:0 21°5 — Test withstood 
6000 36°4 25°D — 4 

4575 35'5 21'5 — Test withstood 
4865 36:0 203 — = 

4935 33'6 23°3 = : 

4.783 81°9 197 — : 

4965 33°1 20°5 ae ~ 

4600 4a 2p. b = 2 

4920 | 84°9 21°5 = fies 

9088 | 36°6 | 25°4 — Test withstood 
8853 34°7 24°3 — = 

9545 39°D 2153 _ Test withstood 
9563 39°6 DT an hues 

6340 43°3 26°9 — Test withstood 
6413 43°8 22:2 J — 

5480 39°3 24:3 — Test withstood 
5568 39°6 | 25:7 — -— 

5515 36:0 17-5 — -— 

5065 | 3B7°5 19-2 a — 


E and M = Tested piece of pipe or strip taken from the end of the 
pipe within the thread or from the middle of the pipe respectively, 
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*) Test not withstood, 
R'== Tested* piece of’ pipe. 


2 (Ic S »| Marks Wall- | External Area Total Load 
o s 2] on the Thick- | Diam. or of ee 1 
@ Is & 2 | Pieces of | nesses Breadth | section 
e |s ae Pipe in mm in mm | in mm? | in kgs. | kg/mm? 
nN IA 
6192] 3 . 4°7 29°9 140°5 3448 24°5 
*)61931 3 M 49 ao9 146°5 3508 23°9 
7020 Je R. E 29 26°6 2159 | — —_~ 
7021 ay R. M 3'0 26°6 222°4 — _ 
7022 oi R. E 3°0 26.3 219°6 
| 7023) 3/,| RM 3-0 262 | 218-6 | ite 
mal 4s, E 3:7 30°0 111-0 | a a 
S025) 1/4 M 3°8 30:0 1140 — — 
“m026;| “Lt, E 3°6 30:0 108°0 — — 
7027} 1/4 M a7 3071 111°4 _— — 
7028 Bl 4 R. E 37 26°4 263°9 -- 
7029 | 8/4 R. M a7 26°4 263°9 -- -— 
| =—7030 S/4 R.E 3°5 26'5 2529 ~- — 
7031 $f R. M 3.6 26°5 258°9 — — 
7082] 11/, E 44 301 132°4 — = 
| 7033] 12/4 M 44 301 132°4 + = 
034) 11/, E 45 30°1 135°5 — 
7035} 1/4 M AS 30°1 135°5 — — 
7036 E. 5'1 30'1 153°5 — _— 
7037] 2 M 50 30°1 150°5 — — 
7038] 2 E 44 30°2 132 9 — 
7039} 2 M 44. 301 132°4 — 
7183] 2 — 50 30°0 150°0 -- — 
7184} 21/5 = 52 30:0 156°0 — — 
7185} 3 — 52 30°0 156°0 — = 
*)8258} 2 E. 36 29°9 107.6 | c.2380 | c. 22:1 
*)8259} 2 M. 3°8 29°9 109°6 2874 26°2 
8260] 13/, E. 39 29°8 1162 | c.2760 | c, 238 
8261] 13/4 M. 4*() 29°8 1192 | c.3780 | cago 
8262] 11/, E. 3°8 29 6 112'5 2690 23°9 
8263} 1/, M. 4-0 29°8 119°2 2824 23°7 
*\8264] 11/, E. 36 29°9 1076 2365 22°0 
8265] 12/, M. 3:7 29°7 109 9 2518 22°9 
8266} 1 Rd. 3°2 33°2 301°6 8090 26°8 
8267] 1 R. M, 32 33 2 301°6 8115 26°9 
8268 3/4 Re cs. 28 26°7 210°2 5340 25°4 
8269 a4 R. M, 2°8 26°7 210°2 5380 25°6 
*)8270 I, RK. E, 25 20 7 142:9 4090 28°6 
8271 "Ho R, M, 2°5 20°8 143'°7 4145 28:8 
*\8272 3/8 ney ey a7 170 121°3 3090 27-9 
8273 3/8 Ri Mi 27 16°9 120°4 3400 28 2 


Bo 


Ville 


Dreaninge ron t 


Total Load Percent. Observations Bending Test 
Load in of Elon- 
in kgs. | kg/mm? gation 


4700 33° 14:2 = ae 
4613 31°5 re Oy — ve 
7675 35°5 16°8 — Test withstood 
7750 349 22°2 = - 
8375 38°1 23°8 — , 
8110 37-1 26°9 — ” 
3975 35'8 17-2 oe 3 
4165 365 19°7 = - 
3705 343 149 = i 
4010 36°0 22-7 ES k 
8730 | 331 23°7 a j 
8950 | 33°9 19:7 22 F 
8645 | 342 26:3 vo i 
8950 34.6 28'3 = 2 
4910 atl 16°7 — 4 
5020 37°9 14-2 so s 
4480 33°1 16:2 = c 
4788 353 18°9 a . 
5320 34 7 17°8 = 4 
5240 B48 178 = ; 
4400 83:1 21°5 3 A 
| 4405 33°3 12:2 a. ; 
5680 37°9 - 23°9 — Test withstood 
5575 344 13:7 ~~ : 
5563 Je | =~ ‘ 
3655 340 14°3 — Broken across 
4011 36°9 18-0 | Bent over block 4Xintern, diam. | Unimportant transverse crack 
4()23 34°6 144 = Test withstood 
4213 35°3 22°2 ~~ i 
4025 35°8 16°3 — 4 
4288 36:0 23'0 — » 
3484 S24 | | 122 =) x 
3846 35°) 18:0 _ 
11390 a7 § | 148 _ : 
11510 38 2 164 — i 
7620 36°3 223 - M 
7800 37-1 15:9 — - 
5040 35°3 78 — . 
5020 B4°9 — Fracture beyond the testing zone | 
4718 38 9 17°3 Unimportant transverse crack |} 
4626 38 4 12°2 — Test withstood 
E and M = Tested piece of pipe or strip taken from the end of the 
pipe within the thread or from the middle of the pipe respectively, 
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The Results of 


Yrinecl'd — Pdoveme 


= . - ,| Marks Wall- | External Area Total fined 
o 22] on the Thick- | Diam. or of : 
eee Bo S| Pieces of | nesses | Breadth | section bed i 
Ee ise =| Pipe in mm in mm | in mm? | in kgs. | kg/mm? 
aon sve < 
48938 Hy Re 3°5 20°6 188-0 5063 26°9 
4894 1 R. M. 3°6 21:0 196°8 5180 26°3 
4895 3/4 R. E. Ar] 26°4 287°2 | c. 6000 c. 20°9 
4896 3/4 R.M Ard 26 6 289°8 6780 23°4 
Roo. Sb R.E, 4:3 33:4 393'1 8550 21°8 
4898] 1 R. M. 4:3 33'3 3917 8835 22°6 
*)4899| 11/, E 4°5 80:0 135°0 2900 21:5 
4900} /, M. 45 30:0 135:0 3280 24:3 
4901] 11/, E, 53 30°0 159°0 3950 24:8 
*)4902} 12/, M bal 30:0 153°0 | c. 38950 25'8. 
4903] 2 E, 55 30 0 1650 4088 24'8 
4904} 2 M. 58 30:0 1740 4310 24'8 
*)4983} 11/, E 3°5 30:0 105°0 2088 19°9 
4989| 11/, M 3'5 29°9 104°7 2313 22:1 
4990} W/, E. od 30 0 1110 | Unclear ee 
4991} 11/, M 3°6 30-1 108°4 — — 
4992} 12/, De 3°6 30°1 108°4 -- — 
4993] 11/, M. 3°8 30°1 114-4 2618 22 9 
4994} 11/, E 4-0 30°1 120°4 2688 22°3 
4995] 14/, M 4:0 30:0 120°0 Unclear aa 
4996| 2 E. 43 30 1 129°4 | c, 2850 c. 22°0 
4997 | 2 M. 3:9 30°0 117-0 2925 25°0 
4998] 2 E 4°3 30°0 129-0 Unclear — 
4999; 2 | M. _ 43 30°1 129°4 — — 
* 5072 3/4 R.E, 39 26 0 270°7 5383 19-79 
*)5073 3/4 R. M. 39 26°3 2745 5125 18-7 
5074 | 11/, E. 40) 300 120°0 | c. 2800 c, 23°3 
5075]. 1/, M. 40 30 0 120°0 Unclear -- 
5076; 2 i: 4-0 30°0 120:0 | c. 2838 c, 23°7 
5077 | 2 M. 45 30°0 135°0 | c. 2958 21:9 
6234]. 3), 1} oR, 


36 | 26°7 261'3 Unclear | oad 


| | 


*) Test not withstood, 


R =="Tested "piece of pipe, 
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Wrought Iron Steam-Pipes. Table Il. 
Breaking: Point 
Total Load Percent, Observations Bending Test 
Load in of Elon- 
in kgs. | kg/mm? gation 
7403 39°4 16:7 _ Test withstood 
7495 38:1 16°3 -— » 
10618 37:0 23°7 — £ 
10370 35°8 21'8 ~ a 
13488 843 | 162 — , 
14248 36°4 23°D — 
4050 30°0 — Fracture heyond the testing zone Broken across 
4638 B4°4 13°2 | Throughgoing crack in a head Test withstood 
5288 33°3 10°3 Several cracks» Welded butt slightly opened 
5378 B5°2 12:5 Cracks in the heads | Welded buit opened considerably |f 
5788 B5°1 15°9 ie Test withstood 
5898 ooo | 147 -~ - 
3293 31:3 22 0 Test withstood 
3525 33°7 22°4 — ” 
3815 34°4 20°3 —- 3 
3750 34°6 21°5 — = 
3680 33°9 15:0 — . 
3728 32°6 13:3) 47 or F 
3893 82:3 22'5 — - 
3940 32:8 21°4 ar » 
4480 34°6 18°3 3 » 
4215 36°0 20°7 = » 
4418 34°2 22°3 = Ain 
4453 B44 198 = : 
8665 32°0 27:9 — Test withstood 
8573 312 25°0 — . 
4338 36:2 22°5 a » 
4245 B54 17-0 — 2 
4035 33°6 17°3 — : 
4523 83:5 18°5 — » i 
| 9308 35°6 12:3 ms Test withstood 
E and M = Tested nee of pipe or strip taken from the end of the 


pipe within tne thread or from the middle of the pipe respectively, 


Nj heh ae 
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AR aR Oe WES a eek «PR 


5 ae » |. Marks Wall- External Area Total Load 
© ene on the Thick- | Diam. or of eceee ie 
a. ¢--= 2 | Pieces of} nesses Breadth section : 
5 eee Pipe in mm in mm in mm? in kgs, kg/mm? 
ap) ok 

*) 6235 3/4 IR 34 25°6 2371 6018 25°4 
6236) 1 R, 3°7 32°9 339°4 8990 26°5 
6237] 1 R. 3°6 33°0 832'5 c 9500 28°6 - 
6179 3/4 R. £. 27 26°5 201'8 | Unclear — 
6178 | ie ge ee 27 26°5 201°8 5618 27:8 
6180 3/4 R.E ag 26°5 201°8 Unclear — 
6181 3/4 k. M ot 26°5 201°8 — — 
6182} 1 R, E 3°6 32°7 329°1 7528 22°9 
6183] 1 R.M 36 32°7 329°1 7590 23°1 
6185} 1 R.E a4 | 82°7 312°9 7375 23°6 
6184} 1 R. M. 3°4 32°77 312°9 7413 23°7. 
6210}; 11/, ae 3°8 29°9 1136 2675 23°5 
6211} 1/, M, 3'8 Be) 113°6 2645 23°3 
6212} 14/, E. 40 29°9 119°6 2675 22°4 
62138] 1!/, M. 3°7 29°9 110°6 2623 23°7 
6206} 1'/, Ee 4°5 299 | 1846 3180 23°6 
6207] 1/,| M. | 39 299 | 1166 | 2700 23:2 
6208] 11/5 Ey o”9 29°9 1166 2888 24°8 
6209} 1/, M. 3°9 29°9 116°6 2875 24°7 
6194] 2 E. 4°5 29°9 134°6 4.435 32'°9 
6195] 2 M. 44 29°9 131°6 Unclear — 
6196] 2 re A3 29°9 128°6 3525 274 
6197} 2 M. 3°6 29°9 1076 3033 28:2 

*) 6202] 21/, 41 298 122°2 3175 26'0 

*) 6203] 21/, M. 4h 29°9 1316 3345 25°4 
6204} 21/, E. 42 29 9 125°6 2983 23'8 
6205} 21/5 M. 42 29°8 125°6 2795 22°3 
6186] 3 E, 41 300 123°0 2660 21:6 
6187} 3 M. Al 29°9 122°6 2740 22°3 
6188} 3 E. Ay 30°0 123 0 3040 247 
6189; 3 M. AA 30:0 1320 8190 24:2 


*) Test not withstood, 


R =. Tested piece of pipe. 


Breaking Point 


Total 
Load 
in kgs 


ECS ES 


Load 
in 
. | kg/mm? 


Percent. 
of Elon- 
gation 


VIIle 


Observations 


8105 B42 11°8 b> 
12863 379 17°8 ts 
12175 36°6 13-5 a 
8135 40°3 21:0 = 
8170 40°5 21+2 8 
7730 38°38 21:3 = 
7550 37-4 24:9 = 
11875 361 26°7 ze 
11700 35°6 30°0 = 
11348 36°3 17°3 shi 
11383 36-4 20°5 = 
4018 35°4 21:7 at 
4080 35'9 23 8 i 
4168 34°9 20'9 as 
3960 35'S 19°3 oe 
4670 34:7 23°5 a 
4238 36'3 192 a 
4283 36°7 19-0 — 
4170 35°8 165 = 
5025 37:3 28:7 — 
4613 85-1 22:5 — 
4633 36-0 26°8 — 
4075 37'9 19°2 = 
4145 83:9 6'8 — 
4500 B42 79 ae 
4370 34.8 18:2 = 
4373 34-9 17-0 Ee: 
4098 33'3 19°8 ie 
4150 33°8 17°4 sens 
4515 367 22-5 at 
4895 371 18°5 a 


Bending Test 


Test 


withstood 


” 


Test 


Test 


withstood 


withstood 


withstood 


withstood 


withstood 


withstood 


withstood 


withstood 


withstood 


withstood 


withstood 


withstood 


E and M = Tested piece of pipe or strip taken from the end of the 
pipe within the thread or from the middle of the pipe respectively, 
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In the case of pipe dimensions in connection with which 
this condition may not be fulfilled, 2 per cent of the pipes of the 
size in question, but not fewer than 5 and not fewer than the 
number tested in the first instance, are to be chosen. Unless at 
least 90 per cent of the pipes thus chosen fulfil the conditions, 
all the pipes of these sizes are to be regarded as unacceptable. 

The first test—including the value of the pipes tested — is to 
be paid for by receiver. Should additional tests be made, these 
are to be paid for by the supplier, who is to receive no compen- 
sation for the pipes used up at these tests. | 

Strictly speaking, these new standards differ from those 
formerly framed only in -an unimportant alteration in the 
determination of the weight, and in a provision inserted in § 5 in 
reference to the number of the test-sample pipes, etc. 

The above-mentioned tests of Table I do not include 
determinations of weight. 

As may be seen from the diagram giving the weight of the 
German pipes at present in most extensive use, these weights 
are not in proportion to the dimensions of the pipes; in the 
weights proposed for the standards the endeavour had been made 
to attain a constant proportion of the kind, and this with the 
same external diameter as was proposed by several German 
Societies of Engineers (See Hitte 1908, Vol. I, p. 668). In 
consideration of the durability of lines of piping specially exposed 
to wear and tear, the Danish Society of Engineers has also made 
out.a table of weights for the so-called heavy pipes. 

The proposal is accordingly laid before the Congress, that, 
after discussion and eventual alteration, these standards be 
recognised as international; should the Congress consider the 
material here forthcoming to be insufficient, it is moved that this 
body submit it to further treatment in an international committee. 
and draw up new conditions. 
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Xii 
ON THE BEST MANNER OF DETERMINING 
THE COMMENCEMENT AND THE TIME OF 


SETTING. 


Hardness Test, by H. Laborbe, Us. St. Germain near Beffes, 
France. 
Translated from the French by H. Borns, London, 


Everybody knows how little the estimates of the time of 
setting are in accord. » Lhey vary“, as Mr. Mesnager has remarked, 
,{rom single to double without our being able to state the reasons.“ 

Conventionally we measure in practice the end of the setting 
period, either by the thumb test, or by the needle test. The two 
methods are based upon the paradoxical principle that we accept, 
by convention, the observation of a fact at the very moment when 
this fact ceases to exist. In Mr. Henry Le Chatelier’s opinion 
the setting test should be a resistance test, and it is for this reason 
that I propose a hardness test, because we then study the setting 
in its principal effect. 

I make use for this purpose of the well-known device of the 
metallurgist, the steel ball which is pressed against a plane surface 
of the hydraulic material. 


I. Comparison of the Results given by the Thumb Test, the 
Needle Test and the Hardness Determination. 


The results of the comparison will be wnderstood from 
Fig. 1., in which the numbers correspond and in which times are 
counted from the gauging operation. As regards the needle test, 
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when is the setting to be declared complete? After test 1, 2, 3, 4, 
or later still? It is purely a question of a needle mark, varying 
,du simple au double, sans qu’on puisse en dire la raison“, as 
Mr. Mesnager has written concerning the results of such needle tests. 


— Vicat | Diameter of 
it Sea hee Needle Test Bulld ee | Impression jf — 


54! 13 an 
59 Ibs 

1h 2! Lh 4! 10749 
1h 5! 1h 7 ‘ebm 96, 


With the thumb, no hesitation is possible. After test 4 the 
setting is complete. In the case of the ball test we have in addition - 


the dimension of the impression. 


ee 


*@ 
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II. Hardness Number. 
By definition I call hardness number A the ratio 


je 


UW 


(1) 


of the pressure put upon the ball to the spherical surface of the 
impression. This ratio is an absolute number, giving for any 
moment T a constant of the hydraulic material under investigation. 
This ratio A is easily ascertained. We have the following 
relations between R, the radius of the ball, and r und h, the radius 
and depth of the impression. 
i Toh, 1 (2) 
r == h (2 R—h) (3) 
from which we eliminate h. It should be remarked that while the 
determination of h cannot be effected with any precision, there is, 
on the other hand, with the actually applied pressures, no de- 
formation of the steel ball. The impression will hence be truly 
spherical and we arrive at the following equation for s and r: 
S? +4 7R? r2—4 2 R25 = 0, (4) 
When we plot the S as ordinates and the r as abscissae, 
this equation represents an ellipse, passing through the origin and 
having its centre on OS at the 


distance 2R2 and its small Gi nrtiiertiae ater 

semiaxis horizontal in a length a rh SEE 

ae ‘2 Hie HEU EuEE 
This ellipse can easily be SedHHifpsasetisieecesiisteee 

constructed with the desirable | feaiaeee 

degree of accuracy (see plate 1). HBnE EEE H 

For each abscissa r we shall Seeaeuetettet 

have a corresponding value of ae Hs 

S which, when substituted in Hi Ht 

equation (1), will give - the PE EMIE 

coefficient of hardness of the eae 

material for the moment T. Se east 


To the left of OS we might | Pl. 1. 

construct the equilateral hyper- 

bola A S=P whose abscissae would, for each value of 5, allow 
us to read off, by one observation, the corresponding coefficient A. 
More simply we might start from an arbitrary zero hardness and 


Sui ie 
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might deduce, as fourth proportionals, the hardness values 
corresponding to a ‘certain number of impressions: e. g., 14, 
13, ....4mm. By dividing the intervals thus obtained into ten 
equal parts we could trace a straight line parallel to O S, which 
would enable us to read off the coefficient A corresponding to any 
particular value of 5. 

Under general circumstances, however, these two solutions 
will not constitute a great simplification. We see indeed that ulti- 
mately A varies with P and R. We should, therefore, make as 
many constructions as there are P and R possible. On the other 
hand, these constructions, and in particular the second one may 
be extremely useful, provided we choose the zero suitably for 
making a convenient hardness scale, in the case of ball tests con- 
ducted under a definite pressure. 


Fig. 2. 
III. Investigation of the Mode of Operation. 


1. The Apparatus for Applying the Pressure. I have 
first worked with a Thomasset gauge press (Fig. 2). There is always 
a slight torsional movement with that instrument, leading to the 
formation of circular fissures about the impression, e.g., Fig 1, 
impression 1. 

My time being limited, I had to confine my experiments to 
seven days at the maximum. It was then possible to operate with 
a kind of big Vicat needle, a model of which will be seen on the 
left of fig. 2. The rod of the needle, the upper plate, and the 
movable system holding the ball are accurately scaled to 1 kg; 


ae Abt ae 
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lead weights of 4 and 5 kg respectively permit of loading the 
apparatus and of making experiments at 5, 10, 15, 20 kg. Pres- 
sures of 7 or 8 kg will suffice in all cases. There is hence 
no need of expensive apparatus; a Michaelis balance, provided 
with an inversion apparatus, will almost always be all that is 
required. For greater forces the hydraulic press of Messrs. L. and H. 
Le Chatelier will be amply sufficient; this press may conveniently 
be standardised with the aid of a Guillery apparatus. The ad- 
justable mounting of the ball (see Fig. 2) can casily be Seep ie to 
all these apparatus. 

2. Diameter of the Ball. I have experimented with dia- 
meters of 10, 20, 25, 30 mm. The two first. ones are tao small; 
the marks are slight, the balls are forced beyond the equator of 
the ball and circular fissures round the ball are more frequent. 
The diameter of 830 mm seems to be the most suitable, at least 
for neat tests; mortars give better distinct impressions with balls 
of 25 mm. Too large diameters yield impressions with badly defined 
borders; an area of depression is often produced with more or 
less accentuated circular fissures. 

8. Measurement of the Impressions. I have made use 
of a caliper gauge with 0,1 mm vernier; the heads should be 
bevelled for facilitating the observations. The angular scale of H. 
Le Chatelier is likewise very practical. If the curves of plate 
I are to be utilised for the calculation of the spherical surfaces, 
a proportional compass, with points or jaws, will prove convenient, 
as it will enable the experimenter to plot the r directly on the 
diagram without taking readings or dividing. 

It would be illusory to make use of an apparatus giving an 
approximation superior to 1/20 of a millimetre. 

4. State of the Surface. The surface should evidently be 
plane. But it will be sufficient to smooth it at the moment when 
the mould is being charged by placing a plate of glass on the 
top of it. Specimens, which have already hardened and not been 
prepared in this manner, should be given a slight polish with the 
aid of emery paper. 

5. Influence of the manner in which the setting has 
taken place. Table I and the corresponding diagram give the 
results for two specimens of lime, I and II, hardened in the air, and 
two specimens, 1 and 2, hardened under water, all conditions being 
otherwise equal. 

et ee 
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Table I. | ~ Ball 30 mm 


Press ud etd ke P re's'S U're 


T D | D D D 
| Air | Water Air Water 

5 | 15-0 13'8 18:3 19°9 
24 8-0 11°0 12-0 146 
29 78 100 97 13°2 
33 76 9-7 9°6 12°7 
48 73 8:5 9°5 10°9 
58 7-0 73 9-2 10-2 
72 6°7 qv 9-0 9:7 
I 1 | II 2 


It will be seen that a thin, superficial layer appeared to set 
very rapidly by the evaporation of water, but that this layer was 
by itself incapable of sustaining the pressure of the ball. It is 
crushed in the first tests, giving rise to the observed defor- 
mations and producing an abnormal impression, while in the 
final tests this superficial layer reinforces the strata below in a 
regular manner making them, set as if they were under water. 
With the Vicat needle we note simply that no impression is made 
on the superficial layer after the fifth hour, the rest of the 
phenomenon escapes observation. 

6. Influence of the Thickness of the Pat. Table Il 
demonstrates that, within the limits of the observations, the 
thickness of the pat under examination has no _ influence. 
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Table II. Ball 30 mm. P = 15 kg 


hice c ses. 0 T t*hje “xt 


fn i 33 mm | 40 mm 45 mm | 50 mm 
| | | 


3 24-6 23:8 23:9 24-4 
18 17-0 167 172 16°9 
24 16°6 157 15:0 15°5 
27 15-0 14°6 14:8 15°3 
42 140 13-0 13-0 14:1 
48 12°4 13:2 13-4 
51 12°3 Jat? 0 128 
66 11°6 11:8 11°8 
72 11:3 11:3 11°7 
75 10 4 11:3 117 
96 10°2 10°4 116 

120 9-7 10-2 

168 9-0 9-2 9°6 

60 1X 


Fig, 3. 


In practice whe should use a thickness at least twice or 21/, 
times as great as the depth of the impression. If this precaution is 
neglected the surface assumes an undulating appearance like a 
soil in which foundations are laid in moving ground. 


ERIK” Peis 
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(. Influence of the Impressions upon one another of 
walls of the mould, etc. Fig. 3 illustrates a series of accidents, 
which observation of the following precautions would avoid; care 
is particularly to be taken when experimenting soon after gauging, 

Take a clean ball, slightly greasy (impression 1 is jagged), 


Keep the impressions apart from one another and from the wall 


of the receptacle (as pointed out above, impressions 5 and 6 are 
oval). Have a sufficient pat thickness (the surface is undulated 
between 1, 2, 4). Perpendicular fractures in the impression, cracking 
between the impressions and the wall (6), due either to insufficient 
spacing between the impressions and the wall, as already explained, 
or to too brisk an application of the pressure. It is useless to 
keep the weights on too long; 8 or 10 seconds will as a rule 
suffice to effect equilibrium. 


Fig, 4. Ball of 30 mm. Exper 60 —VII, 60—VIII, 60—IX. 


IV. Investigation of the Influence of the Diameter of the Ball, 
of the Pressure. Relation between A and T. Comparability of 
the Tests. Approximation. 


Table III, the photographs of Fig. 4, and the diagrams 
belonging to them give the results of 116 tests, for periods ranging 
from 8 to 168 hours, with steel balls of 20, 25, 830 mm under 
pressures of 5, 10, 15 kg on an hydraulic lime of average commercial 
quality. I have calculated the. spherical surfaces and the ratio 


Ne Ss , and I have constructed for each ball a series of three 


curves corresponding to the pressures of 5, 10, 15 kg. 
When we select an instant T, we recognise that A is not 
the same for all the balls and for all the pressures. It varies. with 


RO 


30 mm 


Bea-t't 


10 kg. Exp.60 —VIUI 


| Exp, 60-—-VII 
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Table III. 


Ball 20 mm Boal | 25° mm Ball 30 mm 
——. Corresponding 
Time} P=5kg. Exp.60—I | P=10 kg. Exp. 60—II | P = 15kg. Exp. 60—III | P=5 kg Exp. 60—IV | P=10 kg. Exp. 60—V | P = 15 kg. Exp.60—VI | P = 5 kg. Exp, 60-—VII | P=10kg. Exp.60 —VIII | P = 15 kg. Exp. 60— IX indication of the 
i) — 
‘: P R p Vicat needle 
: D Ss {A=—| D SoA {DD So eae D Sa a D S Nee EAL sip S i D sae D S ee D S20 Ra eee 
2 5 s S S S s S S s 
OE aa TR = NT ee NNN BSS =a Jr jen a ee eee ee  ————E—E_—EE———— eee ee 
1 3 | 10°50 0°95 5°26 | 18:20 3°65 2°73 = = — 16:10 2°35 2°12 | 19°60 3°48 2°90 | 22°80 5°95 2°52 | 1630] 2:30 | 2173] 20:30 3°75 2°69 | 25°80 6°95 2°15 | Needle penetrates to depth of 20 mm 
2 18 9:10 0°68 735 | 12:50 1°65 6:06 | 14°50 1°95 769 | 10:60 0:98 5°10 | 12°90 1:50 6°66 | 16°40 2°40 6°25 | 11°60 112 | 4460 | 1420 2°20 4:09 | 16°70 2°55 88 ” Sas er mes 
3 24 8°40 0°63 1°93 | 12°00 1:30 7°69 | 13°30 1°66 903 | 10°50 0°95 5:26 | 12°30 1:35 740 | 15°50 2°05 7381 | 10°90 | | 0:90 | 5550] 13°00 1:46 6°84 | 15°70 1:95 769 . OO Re A LOLe 
- 27 8:20 0°58 8:62 | 11-40 118 8:47 | 12°70 1°45 | 10°34] 9°50 0°75 6°66 | 12°30 1°35 740 | 14:20 1:75 8:57 | 10°00 | 0°80 | 6:250 | 12:90 1°45 6-89 } 14°60 1:85 8°10 No change 
5 42 8:00 0°53 9:09 | 10°00 O87 | 11°49} — — _ 860 | 0-63 7-93 | 11°90 1°25 8:00 | 12-70 TA 9) 210°C) 8:70 | 0:60 | 83380} 12°70 1°40 742 | 1800 1°40 | 10°71 . 
6 48 7:50 O45 } 11°11 9°80 Dope 13:76: E00 1:05 | 14°28 7-60 0°50 | 10:00} 1050 | 0°92 | 10°86] 12:00 1:25 | 12:00 8°40 0°50 10:000 | 10°50 090 | 11:11 | 12°40 1:30 | 11°53 7 7 
7 51 7°30 0-43 | 11:12 9°60 0°82 | 12°19 | 10°60 0°95 | 15:78} 7°40 O45 | 11°11 | 10°20 | 0°88 | 11°36] 11°90 1:22 | 12°29 8:00 | 0:50 | 10000 | 10:00 0°83 | 12°04 | 12°30 Pat LES . * 
8 66} 6-70 0°37 | 13°51 9°50 0°80 | 12°50 | 10:20 0°S0 | 16°66 710 0-40 | 12:50} 10°00 0°84 | 11:90 | 11°70 1:20 | 12°50 7°80 | 0-47 | 10630] 990); 0:78 | 12°82 | 11°60 115 | 13°04 ~ ” 
9 72 6°60 0°35 | 14:28 9°20 0°72 | 13°88 | 10°20 0°85 | 17°64] 710 0-40 | 12°50 950 | O75 | 1333 ] 11:30 1:13 | 13°27 7°20 | 0°40 | 12500 | 9:90 0°78 | 12°82 | 11°30 110 | 13°63 a ” 
10 75 6°40 0°32 | 15°60 8:60 | 065 | 15°38] 9-60 0:80 | 18°75 | 6:90 0-37 | 18°51 900 | 067 | 1492] 10°70 1:00 | 15:00 7:00 | 038 | 13:150| 9:80 076 | 13:15 | 10°40 0°85 | 17-64 2 ” 
il 96 6°10 0:30 | 16°66 8°20 0°60 | 16°66 | 9:30 0°70 | 21:42] 6°50 0°35 | 14:28 8°60 0°60 | 16°66 | 10°60 0°95 | 15°78 6°70 | 0°36 | 13°880 ] 9°30 0-70 | 14:28 | 10°20 0°80 | 18°75 - ” 
12] 120] 5°60 026 | 12-23 7:90 0°50 | 20°00] 9:20 0°68 | 22:05 | 6°30 0°32 | 15°62 840 | 0°55 | 1818] 10:00 | 0°85 | 17°64 6:50 | 0°35 | 14-280] 8-70 0°60 | 16°66 =. = =< ” ” 
13 | 168 5°30 0°22 | 22°72 740 0°45 | 22:22 | 8:50 0°65 | 23:07 5°90 0-28 | 17°89 5°50 025 | 4000] 9:10 0°68 | 22°00 5:90 | O27 |18150] 790 0°50 | 20°00 9°00 0-68 | 22°05 ” ” 
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R and P. It is as with steel specimensfor which Benedicks has 
established the relations: : 


109) Ri ise 
1c} P® 
oA A ee 


It would appear that these relations hold equally well for 
hydraulic materials (thus for T= 3 hours, we find as extreme 
values for the former 2°23 and 2°36). But we only possess, for 
each T, three observations with different R and three with different 
pressures; that is sufficient for, an absolute.verification. Moreover, 
in the case of hydraulic cements there is.one more variable to 
be considered than in the case of steel, namely the time. When 
we plot instead of the diameters, the A as ordinates, we obtain 
curves which are convex with regard to the positive ordinate and, 
to. judge by their form, it would appear possible to deduce a re- 
lation between A and T analogous to the relation which Benedicks 
found for A and P. In any case the curves admit of making the 
following statements: 

a) Of the 116 impressions (to which we might add the 31 
impressions of Table II and the 14 under water of Table I) a 
single one only, 111—5 has been annulled on account of a defect 
in the paste. In another one, 111—1, the mounting of the ball 
had touched the insufficiently consistent paste, and V—13 was 
disregarded as a faulty experiment. It is, therefore, easy to conduct 
the operations and to prepare the specimens. 

8) I have marked the real experimental points on the 
diagrams. When we consider those which deviate most from the 
mean cutve:: curve VIII—5 in experiment 110, 6 in 120, curve 
7 in 90, 8 in 95, curve VI—7 in 115, curve V—5 in 100; 
curve IV—6 in 80, we arrive at an approximation which is worth 
considering in another sense than that which Mr. Mesnager 
expressed in the words quoted at the beginning of this communication 
with regard to the Vicat needle test. 

+) In Table II (ball of 30 mm, pressure of 15 kg) is to be 
seen the column 60—IX of Table III; ‘on the other hand if we 
compare in Table I the columns 60—VII and 60—VIIE columns 
where we operated with the same ball and the same pressures, 
it will be seen that these results are) concordant within the ex- 
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perimental errors. Now-all these tests, conducted at intervals of 15 
or 20 days, have been made with the same ordinary hydraulic lime, 
of good commercial quality, which had at the commencement 
of the experiments, been placed in earthenware pots which were 
kept well stoppered so as to remain similar to itself during the 
whole period of the experiments. 

‘We may therefore conclude: 


“The hardness test, conducted as indicated above, is simple’ 
‘to perform and practical; it yields precise and concordant results.“; 


V. Tests lasting more than 7 days. 


It is certain that the determination of the hardness has a 
greater value than a mere setting test. The determination ‘supplics 
one of the constants of the cements studied, and it would be most 
interesting to continue the experiments for more than seven days 
and to enquire in particular into any connection between the 
coefficient of hardness and the values of tension and compression tests. 


I hope to place some results to this effect before the Coneress. 


One question suggested itself, however: up to which moment 
will the ball produce an impression? In view of the small porosity 
and elasticity of neat pats which have attained a certain degree 
of hardness, one might ask whether the period of elastic deformation 
would not, at that moment, be so short as to make the specimen 
break, before an impression could be formed. | 


Thanks to the kindness of Mr. Enault, engineer to the City 
of Paris, and of Mr. Anstett, chief of the testing laboratories of 
the City of Paris, I have been able to experiment with specimens 
that had been hardening for 90 days. Further, Mr. Mesnager 
has been kind enough to place at my disposal some much older 
briquettes which I have crushed in his laboratory in conjunction 
with Mr. Mercier. Here are the results of these experiments. 


. We_can_conclude. from these data that, after 90 days, we 
shall obtain good observations, When going beyond that we cannot 
be equally sure. The impressions are often ‘not well defined and 
fractures will ensue under variable pressures. The rapidity with. 
which the pressure is increased exercises apparently a considerable 
influence; but it must be stated that the metallic pressure gauge 
is hardly an instrument of precision, suited for such experiments. 


ape Ce eee 
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j Diam. 
Pres- BS 
iste 4 deel | Age | Ball P peemice Observations’: 
Material sure | Impres- 


sion 


Roman cement boaays 30 mm 850 kg} 8°6 mm | Specimen broken under 


455 kg 
: * Ds. =| Coven |oUUe sy link Ost 5 Not broken 
Vassy ‘cement OOP ao a PeUe et Ons Broken under 400 kg 
4 , (90 ., $25 . (200 , P76. , Not broken 
Artificial P,cement {90 , |30 , |500 ,] 5°5 , 4 aoe 
Slag cement lyear}/30 , | 730 .| 44 , | One specimen breaks under 


these conditions, another 
does not break 


» ” ia 30 9 670 ” 4-0 Not broken 


” 
Cement 2 years] 30 , |230 ,| 64 , i. a 
Saher or oUa sh cuCrs | Oe .. J broken 
Other cement Seva Loe aaa tao y . 
56075, 1 25, 5 


460 7 40°35, Not broken 


VI. Tests of Mortars. 


I have tested some specimens of a mortar of 1:.3. The 
impressions are not so well defined as in neat tests, which is only 
natural, but are still perfectly discernable. The 25 mm ball seems 
to be preferable in this case to the 30 mm ball. The impressions 
should be further spaced from one another and further removed 
from the wall of the receptacle than with neat tests. The outcome 
is that, provided a somewhat more delicate mode of operation be 
applied, the hardness seems to be readily applicable also for 
mortar testing. 

That would be a great step in advance. For it would enable 
us to conduct the tests under conditions, which would come 
much nearer the requirements of a practical examination, and to 
classify the products much better according to their real value. 

The method could further be applied to the testing of sand 
mortars. 


VII. Conclusion. Proposed rule. 


From the just described experiments the conclusion may 
fairly be drawn that it will be possible henceforth, and is possible 
already, to make the hardness determination the basis of an ac- 


BMC) de ae 
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ceptance test, if not of coefficients which can be considered as 
fixed in an invariable manner, It must be left to every engineer. 
to see, how far he can, by his own experience, eliminate the least 
carefully manufactured iOsis tog i the region in which he~is. 
stationed. : namot f 
Leaving apart every are aes consideration concerning the ! 
definition of stetting and the determination of,the beginning and 
end of the period, the proposed rule is based upon the following 
two principles: Ut i 
1. To guarantee the employer against the risk of having to 
regauge at the moment of vel WEN because the setting had 
been to rapid. . OD | ye OFF ri ed 
2. To afford to him, in a minimum of time, by precise tests 
to be made at definite intervals, certain indications in the way in 
which the hardening proceeds, such that he can decide upon the 
definitive acceptance of materials supplied, without having to wait 
from 28 to 84 days for the results of tension tests, results, which 
irrespective of the long time required, do not present him with 
any guarantees of equivalent exactitude. | 
Working on neat pats, under the experimental conditions 
above described, with a ball normally of 30 mm, loaded with 
15 kg, the times being counted from the moment of pouring out 
the gauge water, the following maximum coefficients of hardness 
have been observed after 3 hours and the minimum coefficients 
after 24 hours. . 


A A Mi noinmeu; m 


Maxim. |. 24 hrsi) 3 days |°7 days 


Ordinary hydraulic lime ;. : pe ake 2 6 : 12. sn ee M 


Lime very highly hydraulic ... 2 «8 15 suka tee 
Roman Cement, -woshwa.? ie RAE 2 35 roe 
Natural slow-setting cement 

Artificial, Portland “cement: ...% |. 2 42 

Sing cement! “ec mner ame ee ee Uy 2 25 


-t 


Rapidly-setting cement}) 2... 


1) For the rapidly - setting cements the time of 3 hrs, is reduced pe a 
guarter of an hour. ASM © OLE 


SE) ) geen 
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More prolonged experiments will, I hope, enable me, by 
adding the coefficients for 3 and for 7 days and particularly by 
working on mortars of 1:3 and 1:5, to demonstrate that these 
tests—joined to those of the invariability of the volume in the 
hot—will suffice to pronounce definitely on the acceptance of 
materials supplied. 

In concluding I wish to express all my thanks to M. Henri 


Le Chatelier for the interest and kindness with which he has 
watched these experiments; they were carried out in his laboratory. 
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THE DEVELOPMENT OF THE SETTING OF 
0 ROMAN AND PORTLAND CEMENTS IN oO 
PASTE, IN MORTARS, AND IN CONCRETE. 
(Report on Problem 33.) 
By Prof. Dr. Constant Zielinski, Budapest. 


(Translated from the Hungarian.) 


The Third International Congress of the Association for 
Testing Materials, held in Budapesth in the year 1901, invited the 
Hungarian Association for Testing Materials to study the 
problem of the connexion existing between the strengths attainable 
in Roman and other cements, by the use of different quantities of 
water and different additions of sand and to communicate the results 
to the next International Congress, as also eventually to submit 
proposals in regard to a new standard test that should 
ga@apteitself better to. the peculiarities. of the? Roman 
cements. 

Conscious of the importance of the matter, the Hungarian 
Association for Testing Materials gladly accepted the invitation 
with which it had been honoured, and shortly after the Budapesth 
Congress of 1901 initiated a movement among the members of 
the Hungarian Society of Engineers and Architects, with a view 
to the constitution of a committee in which the public authorities, 
institutions, private firms and associations interested in the question 
should be adequately represented. 

The Committee was fully alive to the great extent and ex- 
pense of the experiments connected with such an investigation, 
and therefore, in order to secure the funds necessary for this 
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work of public interest, had recourse to the assistance of the 
public authorities, institutions, private firms and associations. The 
Hungarian Government was the first to set an encouraging example 
to contributors. Nor did the Hungarian public disappoint our 
expectations, for, within a short time, the estimated sum of 
50,000 crowns (about 2000 guineas), required to cover the ex- 
penses of laboratory-equipment and experimenting, was collected 
by subscription. The Committee was formed and succeeded in 
securing Herr Kgl. ung. Hofrat Prof. Desider Nagy for the 
burdensome office of organiser. On the basis of the programme 
elaborated by Professor Nagy who worked out the comprehensive 
programme of tests in the most minute detail, the Committee was 
able to begin operations in the month of May, 1902, in a laboratory 
especially equipped for the purpose, and the work was continued 
uninterruptedly until 1905, under the personal leadership of the R. 
Engineer Josef Zhuk, attached to the Hungarian State Institute 
for Testing Materials. 


The enormous labour involved in exercising control over 
the work of investigation was undertaken by the members of the 
Committee and distributed among them, so that upwards of 38.000 
tests results were authenticated, checked, and duly recorded. 


For the carrying out of the experiments, the Committee 
accepted the method initiated in 1901 by Dr. Zielinski, Professor 
in the Budapesth University of Technical Sciences, and with the 
collaboration of Mr. Jos. Zhuk were communicated by him to 
the Budapesth International Congress in a paper entitled “Com- 
parative Methods of Testing Roman Cements“.*) 


The Committee based its resolution on the circumstance, that 
this method had established its claim of furnishing a means of 
accurately controlling the correctness of experiments carried out 
with different kinds of material. 


In “short, «the process was deemed suitable for the purpose 
of investigating the law governing the setting in compact test 
samples at well as in samples described as not compact. The 


*) See paper “Vergleichende Untersuchungen der Romanzemente und Priifung 
ihrer Verwertung in der Praxis.“ (“Comparative methods of Testing Roman Cements 
and of controlling their application in practice“), by Const. Zielinski and Josef 
Zhuk, Budapesth Congress publications. 1901. 
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weight of which is calculable beforehand, and their correct prepa- 
ration subsequently determinable by the help of the weighing balance. 

Before the Committee arrived at this resolution however, 
it verified again, beyond all doubt, by a series of preliminary 
experiments undertaken for this purpose, that the weight of well- 
prepared bodies for testing purposes can be estimated beforehand, 
ander the supposition that the volume of the test sample the 
specific weights of the materials contained in it and the proportions 
borne by the materials to one another have been determined and 
are known beforehand. The Committee had then arrived at the 
conviction, that the task of carrying out researches with different 
materials, mixed in different proportions, could be acomplished 
on the basis of no other uniform method, and that no other 
method afforded such adequate means of controlling the 
experiments as this one, especially in the matter of the quality 
of samples submitted to test. It is beyond doubt then, that without 
regard being given to the two cardinal conditions of uniformity 
and control, no results adapted to purposes of comparative study are 
obtainable. 

In other words, it may be asserted that, in working with 
materials mixed in a variety of proportions, none of the methods 
hitherto adopted would offer a uniform basis for characterizing 
conclusions, as does the method applied by the Committee. 
Neither the attainment of uniformity in the amount of mechanical 
labour applied in the preparing of the bodies to be tested — a 
uniformity prescribed by the usual standards for comparative 
tests — nor the previous prescription of average densities for the 
bodies to be tested regardless of the specific gravities of the 
materials contained in the mixture — a method advocated by 
Herr Frey (Luterbach) and supported by professor Schule of 
Zurich — offers a uniform basis suitable for comparative research, 
or leads to characteristic deductions and justifiable results. 


I. The Cements Tested. 


The Hungarian Roman cements which are prepared from the 
lime-marl occurring in different parts of Hungary differ from 
one another very considerably in quality, so that, as can be seen 
from Table I below, the percentages of lime contained by them 
vary materially. 
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This difference in the percentage of lime is thoroughly 
characteristic for the products of the different factories. According 
to the experience which we have acquired during the last decades, 
the characteristic properties of our Roman cements rich-in-lime 
are, in practice, strikingly different from those of such cements as — 
are poor-in-lime, although these latter, when submitted to the 
standard tests now usually employed, though not giving quite the 
same results, yet satisfy the requirements of these standands. 
In other words, it may be regarded as established, that the results 
of the standard tests do not show clearly, and do not characterize 
those properties of the different Roman cements, which are, in 
practice, of importance during the process of working-up. 


Table 1. 
Average Values,of the Chemical Constituents ofethe 
Roman Cements tested. 


o 

© ra 

Pals 

, Ic} 
Description 3 o ol] os - ze - 

— 
| | 3.)sS | le 
Silicates | | & | O| 2] a] <] a 


Roman cement rich-in-lime |20°40) 2°70] 8°73] 4°24/58°86] 1:55) 2°38] 1:14] 100 
Roman cement poor-in-lime [23°90 14°49] 8°17] 3°64/45°22] 2:09] 0°72] 1:77] 100 


Table 2. 
Chemical Constituents of the Portland Cements 
investigated. 


a 
ae rQ 
ee 
Description = 2 a » 
oe gs © eo ‘o) s 3 8 
ee | ee aes 00 | Oars S 
Silicates x fx, oO = n <x be 
Pottiand cement. 2. 19°12) 0:36} 8°32) 3°72163°24) 1:34] 3°17] 0:73} 100 


Accordingly, the Committee employed in its researches 
characteristic Roman cements rich-in-lime and poor-in-lime as 


gaa = 
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derived from different factories, and also, with a view to the 
establishment of the fact that the process followed is suitable for 
ascertaining the important properties of other hydraulic cements 
have likewise included the testing of Portland cements in 
their programme. 

The average results obtained from the standard tests applied 
to the Roman cements prepared with Vienna standard sand are 
given in Table III, and the results for the standard tests of the 
Portland cement with Vienna standard sand in Table IV. 


Il. Other Constituents submitted to Test. 


Beyond the investigation of the influence exercised on the 
attainable strength of the cements by changes in the quantity of 
water used in working them up, the inquiry was extended to the 
effects arising from variations both in the quantity and in the 
quality of the sand and gravel contained in mortars and concretes. 

Accordingly, in addition to the Vienna standard sand used 
in examining cements by the so-called standard tests, the Committee 
included in its researches river-sands (especially the Danube sand 
so extensively used in Hungary) a characteristic kind of quarry- 
sand used in this country, and crushed sand obtained from the 
sand-stone of the Carpathians. 

In the course of the inquiry into the strength attainable in 
concretes, the Committee extended its investigations to river gravel 
and to gravel obtained by crushing basalt, lime-stone and brick. 

In the establishment of the results obtainable in mortars and 
concretes with the different materials enumerated, the Committee 
did not consider that it had exhausted its task, but extended 
the research for the purpose of solving whatever questions it judged 
to be of public interest. Thus, for example, it widened the scope of 
the inquiry by examining into the influence exercised on the strength 
attainable in hydraulic cements by the size of sand grains, the 
uniformity or non-uniformity of the grains of the various sands 
which in other respects bear the same character, and by other 
similar matters to be referred to later. 


A. Kinds of sand. 
The series of experiments described below in detail, were 
made on the following kinds of sand: 
1. Uniform sand. 
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Results of Standard Test with Roman Cements. Table 3. 


Liter-weights Fineness Setting- | Constancy of | Tensile Strength Birch bon, a 


kegs, of Grinding Time Volume ‘kg per cm2 kg per cm? 


Residue 
of cakes 
after 28 days 
Deseripfian 


days 


passed through the 


Beginning 


inmimt| = | 
; | 
Roman Cement rich-in-lime . [0°620,0°665/1 093]/2-88]10°8| 9:0 80:2/100155°5'/17 66 withstood {10°70'2: '20°6110°90 


Firmly shaken-down 
Apparent Spec. Grav. 


Specific Gravity 
0/) Water used 
0/, Water used 
°/, Water used 
after 28. days 


Riddled in 
in Water 
after 28 


Total 
Apparent Spec. Grav. 


Roman Cement poor-in-lime . |0°800 0:868)1°423|2°84] 4-6/16°6/78°8|100]41°5 16102 “ 9°85)2°29) 6°2|16'0] 9°25)2°86) 97-8 


Liter-weights Fineness Setting- Constancy of Tensile Strength Gompressine 
kes, of Grinding Time Volume kg per cm? kg per cm2 
Residue : * 
5 a | of cakes = = 
5 on = : = £ 
3 Mathias oli Me after os = ms 
soe nals ~-E, 28 days o 
Dieser ption ad Rt fp Pa, ca eS $3 * ate | a oe oe 
} a pe ane a mn | 0 Spleen eae a a ee n © 2 
= iss) w S Orn — PI =) UW) SS 3 NY 3s 
oe GS Olas | 2 is" canes | x : a Aes Ponte ge 
w Qj o o |S ea ere Oe) let 1S es So (Sans. 
oO ~ aay fe) ~ as) 
on soe) Sl coe eae) ee ees et ee ae Pe we ce 
ms SG = Oe er) Pele [ee | oa ee eS Ss ag = al ban ee colt oad beeem aie 
no} ie o + | — o o o 
te | eae sieve & } & | in mint} -= = ma Se = ote hone ccd bene eh Weer, 
Portiand -Cement--" “ca PEO 186 L000 3°07} 3°3 16718001100 es withstood fa — |21°5)26-44 74, — | 815°8) 
| | | | | 
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That sand is called “uniform“ the grains of which remain on 
the .sieve containing either 64 or 144 meshes to the square 
centimetre. Uniform sand in this sense is prepared from: 


a) Vienna standard sand, 
b) River sand. 
2. Mixed sand. 


In the description of our experiments the following are 
briefly named mixed sand: 


a) Ordinary river sand of all sizes of grain which passes 
through a sieve with meshes of 5 millimetres, 


b) sand obtained by the crushing of Carpathian sand-stone 
and passed through the 5 millimetre sieve. 


3. Fine sand. 

In what follows, fine sand is to be understood as that which 
falls through a sieve containing 144 meshes to the square centimetre. 
On our experiments the fine saud is more closely designated under 
the name of the sand from which it is riddled. Thus we distinguish: 


a) Vienna fine sand, 
b) Fine river sand, 


c) Fine quarry sand. 


B. Kinds of Gravel. 
The kinds of gravel and the size of grains used in making 
concrete are as follows: 
1. Smooth gravel. 
By this we understood river gravel with rounded grains, 


and such that it is mixed in the proportion of two parts from the 
20 mm sieve and one part from the 40 mm sieve. 


2. Rough gravel. 
a) Lime-stone gravel, 
b) Basalt gravel, 
c) Broken brick, 
erushed small from rough stone or brick, and mixed in the pro- 


portion of one part from the 20 mm sieve and two parts from 
the 50 mm sieve, 


~! 
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Ill. The Method of Experiment. 


As was mentioned in the introduction, the Committee, based 
it studies and the comparative experiments connected with them 
on compact and porous test-samples such as would yield comparable 
results, because their uniformity and composition could be checked 
and verified by simple means. The grivities of a well-made sample 
for testing purposes, whether compact or porous, can be 
calculated in advance (in accordance with the formulae given 
below) provided the specific weights of the materials to be employed 
in constructing such test-sample, the relative quantities of the 
constituent materials, and the cubical contents of the sample are 
known. Consequently the construction of the test-sample can be 
checked entirely without consideration of the labour applied, or of 
any single arbitrary condition simply by weighing, and its excellence, 
that is, its suitability for comparison in this investigation, can be 
definitely established. 

It can be easily verified that, if the specific gravities of the 
cement, sand, gravel, and water be respectively x, B, y and 1, and 
if further the weight of each constituent be expressed as a 
proportionate part of the weight of the cement — the weight of 
cement used up being taken as the unit — then the composition 
of the test-sample is completely determined by the following 
factors, viz: the weight of the cement 1, the weight of sand p, 
the weight of gravel q, and the weight of water r. In order to 
establish a relation between the weight and volume of samples 
which are not compact, that is, samples designated as porous 
in the following pages, we must in addition to the specific weights 
and the quantities of the constituent materials, introduce another 
factor, which we may conceive as an “interstice‘ factor, This 
so-called interstice factor must be understood to express the 
minimum sum of physically possible empty spaces or interstices in 
the volume of the solid, when in the loose condition, as for 
example, in the volume of the sand or gravel. 

The interstice factors may be determined either directly by 
measurement with the volumenometer or indirectly by a calculation, 
in which the ratio of the specific gravity to the maximum apparent 
specific gravity is subtracted from unity. 

The work of calculating will be facilitated, if we group and 
tabulate the numerical values of the above-mentioned factors and 
the ratios occurring in the course of the calculations, as follows: 
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Cement | Sand | Gravel | Water 
- specitic. Gravities > "4. 0. 8 "i 1 
2 Maxima of Apparent Specific Gravities .] a* Boe ets 1 
3 Factors for proportions of materials mixed 1 p q r 
. ht 1 Ag 1 
4 Reciprocals of Specific Gravities 3 eo 7 r 
5 Ratio of Spec. Grav. to Apparent Spec. grav, ff us 1 
10 P 
6 DeereliG@e-M actors 3 tho. a) tear oe es = pattie ‘Tas : 0 
at B Y 
7 Ratio of the Proportion Factors to the ap Ve 4 
Spectres Lila Ves may ramets lg, go a a8 Ge weep " 
8 Ratio of the Proportion Factors to the p q 
Apparent Specific Gravities. . . ..] 1 Db Bs a 


With these data the weights may be calculated from the 
following formulae: 


A. The Weights of the Pastes. 
1. If V be the volume of the compact paste, the weight 


Gar Vv — (A1) 
| Ling , 3 
. pd S < a 
‘The condition of compactness in.the case of paste, is 
I -- 1 ** 
r >% — 
0, 
Delt Vo bexthe) volume, of Be porous paste, the weight 
Gay g sh TPe oy) & (A2) 
1 
a 
The paste is porous, if. | 
Sate 
o) 


Note, The Committee did not determine sae the maximum Apparent 
Specific Gravity for cement or its interstice.factor, and consequently the condition * 
and the formula A2) for the weight of porous paste are for the Breen pending 
the determination of a*, only imaginary values, ; 
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B. Weights of Mortars. . 
1. If V be the volume of the compact mortar the weight 
Ge em tes HE GENE 


Bea a oe 
peut a 


The mortar is compact, if the space is completely occupied 
by water and cement, and the sum of the interstices between the 
grains of sand is a minimum. This is the case, if 


S(pbes pau 
oat 


ait V abe the vollime- or porous mortar, the weight 


C= vel Pala (B2) 
p 


b 


The mortar is porous, if the minimum sum of the interstices 
between the grains of sand is not occupied by water and cement. 


This is the case, if 
p oe! 
mates (1 ae 3) 2. 


Weight of Concrete. 
1. The weight G of compact concrete of Volume V is given by 


The concrete is compact, if: 


1 
pide Sy Sb ae ae 
p> : ~ andr i 1 g 


CAG q(. C loiege 
co (1—$) 5, m= 6-9) (C4) 

p ake Wt q : ss +3 
In both cases the concrete is compact if the ration of com- 
bination and the water used in the process satisfy the criterion; 


the interstices between the grains of gravel and sand are then 
completely filled up by cement and water. | | 
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2. If V be the volume of concrete which is porous, that 
s to say, not compact, the weight 


Cera ened ot 
t (C32) 
Cc 
Pogue o> (cS) Bend 2 A(1— 2) — (242 
if: < “Jc <l aN 7 tn, 
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It must here be observed, that if the quantity of water used 
in mixing be in excess of the cement’s absorbing capacity, that is 
to say, if it exceed the quantity which the cement is capable of 
setting then of course a smaller quantity of water comes into the 
set cement than was used in the mixing; in order, then, that 
in this case the weight of the prepared sample may be calculable 
in advance the quantity of water r used in mixing must be cor- 
rected in accordance with the actual facts. 

The correction of r in our experiments was. made in this 
way. After the setting process in the sample was completed, the 
water not set was carefully measured and deducted from the total 
quantity used in mixing, and thus the corrected value of r determined. 
The weight of the test sample with this corrected value of r 
was exactly calculated. 

The results of subsequent weighing completely verified the 
correctness of the process described. 

With this we have exhausted the eventualities which can 
arise in the course of the preparation of the test samples. 

It may be seen from the foregoing, that, whatever may be 
the components — the mixing proportions — of the sample to 
be constructed for the test, the weight of the heaviest, most 
compact sample corresponping with the mixing proportions, that 
is with the apparent specific gravity can always be determined in 
advance. It is necessary then, in the preparation of the sample 
to bring it to the weight required by the calculation by 
the aid of suitable and adequate mechanical means, if we wish 
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to ensure with the same mixing proportions, the attainment of 
samples of like structure which can be qualitatively compared. 

The nature and the amount of mechanical labour applied 
to the preparation of the test sample is from this stand-point a 
perfectly indifferent matter. In the interest of simplicity in practice, 
however, it is important for us to aim at obtaining the weight of 
the sample (calculated in advance) with the simplest instruments 
and the easiest and most efficacious manipulation. 

In the course of the work, the Committee arrived at the 
conviction that it is unnecessary to prescribe a uniform method 
of procedure for the preparation of test samples; for if the mode 
of operation be changed or the amount or duration of the mechanical 
labour applied in the manipulation undergo a variation, but at the 
same time the attainment in the prepared sample of the weight 
—, or _ what. is...the-same, thing, ,of the COmMparcine ssa 
be strictly exacted, the divergencies of the strengths attained under 
similar. circumstances after the same lapse of time have been less 
considerably less than those always: perceptible in the case of the 
ordinary tests conducted according to a rigidly-prescribed process 
and with a strictly-prescribed uniform expenditure of mechanical labour. 


Why the Committee chose this method of carrying out its 
experiments, may be seen from this preliminary explanation. 

From the. experiments it must be regarded as completely 
demonstrated that, with this process, we can in fact prepare 
samples similar in structure and suitable for comparison, inde- 
pendently of the kind and quantity of the mechanical labour expended. 

This fact the Committee regards as established beyond 
dispute. by the large number of experiments carried out during 
a number of years, and therefore, relying on’ the experience 
acquired, begs to recommend the process in question for adoption 
in comparative. experiments, that is its general acceptance as a 
basis. of standard tests. | 7 

For this purpose. the Hungarian Association: for -Testing 
Materials. requests the Congress to refer-the question.in its 
present form to.a Committee of the International Asso- 
ciation. for decision and a. declaration.of- its opinion 
as to the nature of. the process and.as.to whether it is 
suitable for use in the making of standard tests of  siteneaa 
and worthy of universal ordainment. 4 
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IV. Scope of the Research. 


After we have eschaustively discussed the method, it seems 
desirable to indicate in a few words the principal points in the 
Series of experiments performed with the different kinds of cement. 

1. In the first place, all the characteristic properties of the 
cements investigated by us were determined in accordance with 
the standards now in use in order that we might inform ourselves 
as to their quality in the ordinary manner. 

2. Afterwards we considered the question as to the position 
taken by the cement as an independent binding material with reference 
to the proportion of water applied, what influence the total 
quantity of water, chemically and physically bound in the course 
of working up the cement, exercised on the process of setting, 
what phenomena accompanied the progress of setting in air and 
under water respectively, and what law the setting fallows in 
relation to the increase in the time of its duration. 

The test-samples for these experiments were, of course, 
prepared with cement and water and designated “pastes“ 
comformably with the degree of consistency they exhibited in 
being worked up. 

3. Having ascertained the independent binding-capacity of 
the cement, we desired to establish how the binding capacity 
manifests itself in mortars prepared with sand from different 
sources and with grains of different kinds and sizes. The investigation 
was especially extended to the strengh attainable with mortars 
prepared with like paste and with like sand, mixed in varying 
proportions, in order to obtain a picture of the influence exercised 
on the setting of the mortar by its degree of strength, the amount 
of paste contained in it and its porosity, and, further, to observe 
how the development of such mortars progressed in air and under 
water. 

4. Finally the binding-power of cement was investigated in 
concretes prepared with mortar of known quality and with 
different kinds of gravel, mixed in different proportions. The 
Committee likewise devoted special attention to the effect of the 
degrees of fatness and porosity in concretes. 

It can be seen from this brief description, how extended was 
the series of experiments carried out with each particular cement, 
and if we take into consideration the circumstance that a like 
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extended series of experiments was performed with each one of 
a series of ceménts,. we can form on idea of the enormous 
amount of work which the Committee devoted to this far-reaching 
and thorough investigation for the establishment of a basis on 
which to judge of the quality of cements. 

The results we have obtained are described in detail below 
and illustrated by diagrams. 


A, Diagram of the Pastes. 


In the case of pastes, we have as independent variables only 
ry, the proportion of water added, as a quotient of the weight of 
the cement, and t, the time of hardening, expressed in terms of days 
or weeks. 

It follows from the nature of the problem that we regard as 
dependent variable s, the strength indicated by the sample subjected 
to the breaking-test. This is expressed in the usual way in kgs. 
per cm?. 
| In the case of the pastes we have shown, by means of a curve, 
the functions: 

1. o=f(r) for the case in which t is constant. 

2. ore Kid) the : 
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B. Diagrams of the Mortars. 


In the case of mortars, we have as independent variables r 
and t,and in addition p, the proportion of sand added, a quotient of the 
weight of the cement. Therefore for results obtained with mortars 
we can shew the results in the form of curves: 

1, s=f(r), when p is constant and t constant. 

PE elton ESP awe Ia ohare 5 mee ‘ 

ae Powe “7 (p) ” F ss ” ” t ” 


C. Diagram of the Concrete. 

In the case of concrete we have a fourth independent variable 
in addition to the foregoing ones, r, p and t, which is q, the 
proportion of gravel employed in the mixture. 

It is therefore possible to illustrate the hardening of the concrete 
by means of fair curves, only if the following conditions are satisfied: 
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Diagram VI. Time Lines for Roman Cements rich-in-lime. 
o =F (t) kg per cm% 
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Diagram VII. Time Lines for Roman Cements poor+in-lime. 
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1. o=f(r), when q, p and t are constant 
Oe ies Si, Bost peut ets i 
3. ar g (Pp); ” q; t ” Fong ” 
4. 6= v (q), ” Pp, 'F oy LV ” 


The data and results of our experiments are recorded and 
collected in 108 tables in such a manner, that we can set off alli 
the above given functions in the form of curves, that is, we can 
obtain a clear view of all questions which have to be elucidated. 

We may now pass to a consideration of the conclusions to 
be deduced from the results of the experiments. 


V. The Influence of the Water on the Process of Hardening. 


The Committee, in accomplishing the task it had undertaken, 
carried out two similar series of experiments, one with Roman 
cement rich-in-lime and the other with Roman cement poor-in-lime. 

In Diagram I relating to these series of experiments we show 
the strengths attainable with the Roman cements rich-in-lime, when 
the value of r, representing the numerical ratio of the weight of 
water to the weight of cement is successively taken as: 0°48, 0°5, 
(roo,0'5, 065, 0-T,.0'S;-O9xand 1. 

Diagram II shows the strengths attained with Roman cements 
poor-in-lime when we give tor the following values successively: 
0:45, 0°5, 0:6, 0°7, O'8 and O°9. 

With Roman cements poor-in-lime we reached the limiting point 
of working-up at r= 0:9; in the case of Roman cements rich-in-lime 
-the cement can still be worked when r exceeds 1; but the liquidity 
is then so great, that the results would be of.no practical or 
theoretical value, and therefore, even in the case of our Roman 
cements rich-of-lime, we did not extend the scope of the experiments 
beyond wax 1. 

In Diagrams I and II the ascertained strengths are set off in 
curves from the equation o = f(r), r being the abscissa and o 
the corresponding ordinate. 

In the diagrams the independent binding-capacity of our 
Roman cements is marked with the strengths attainable with pastes, 
and their mortar-forming strengths are shown with a mixing 
proportion of cement to Vienna standard sand of 1: 38. 

It must be observed that the results given in Diagrams I 
and II, as well as in the others giving our collected data, are those 
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obtained from processes of setting under water. The restricted scope 
of the report prevents us from communicating the similar data 
which we have obtained for the setting in air. 

We have determined the development of the strength atter 7, 
14 and 28 days and after 13, 26 and 52 weeks respectively; it 
therefore becomes possible to set off the function o = f (r) for paste 
and for. mortar of 1:3 in the form of six curves for eachiaias 
example the 7-day line discloses a diminution in the strengths 
developed during 7 days, with increasing additions. The full line 
gives a picture of the strength reached with pastes and the dotted 
line that reached with mortar made with Vienna standard sand in 
the proportion 1: 3. 


A. Investigation of the Water Lines. 


In the following pages the diagrams will, for the sake of 
brevity, always be named according to the nature of the abscissae. 
Thus the curves given in Diagrams I and II will henceforth be 
styled the water lines. The letters m, d, r denote the Roman 
cements rich-in-lime, and m, sz, r the Roman cements poor- 
in-lime. 

1. It may be seen from Diagrams I and II that the binding- 
capacity of Roman cements rapidly diminishes with the 
increase in the quantity of water used in the working-up process. 
This is confirmed by Diagrams III and IV. The same statement 
applies also to Portland cements and therefore to cements in general. 

2. It may further be seen, that the diminishing effect of the 
quantity of water on the strength attainable is a permanent one; 
for a rapid diminution has been determined at every stage of the 
development of the setting process. This is confirmed by the 7, 
14 and 28 days lines and the 13, 26 and 52 weeks lines. 

3. The unfavourable effect of the quantity of water in pastes 
and mortars was manifested also in the case of concretes, as is 
demonstrated by the experiments we have carried out with these. 

From this it can be concluded that) apart iromuyae 
quality of cements, the strength attainable with them is, 
in the first place and to the greatest extent; inii@eagus 
by the quantity of water added in the working-up process. 

The p corresponding with the proportional addition of water 
usual in building operations is nearly equal to the average of 
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this value for our series of experiments. If, at about the average 
values of p, we increase the water by 0'1, then we can assert 
generally, that the strength attainable diminishes by 0°83. 3 
From the water lines for pastes and mortars, we can deduce 
the conception and law of the “value numbers*. 
Under the expression “value number“ we understand 
the weight of cement corresponding to the unit of strength. 
Let x denote the value number, then 
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where c is the weight of the cement contained in the test sample 
and o is the measurement of the strength. 
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Diagram III], Water Lines for Portland: Cement-Pastes. 
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As c is a function of r, and likewise so is .a function of r 
when t is constant, it follows that, if t is constant, x is also a 
function of r, that is, may be expressed 


Ca W) (r). 
To arrive at the form of ¢ we calculated the cement-weight 
belonging to every s by means of the known formulae, 


For pastes: 
c=V. t 
—+r 
For compact mortars: 
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Diagram IV, Water Lines for Portland Cement Mortars. 
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For porous mortars: 


We see that with o, p and t constant, that is, with given 
weight of cement, mixing proportion and time of setting, x depends 
more on r. 

Calculating the values for r and x and at the transition r=o 
referring them to rectangular coordinates, we can determine by 
means of Diagram III that 

apeian 8 
represents a line, for pastes, mortars and concretes alike. 

For example, we shew in Diagram V the regularity of x, 
which can be determined from the data of the 28 day water lines 
corresponding with the results obtained with the 353°5 cm test- 
samples. 

For pastes with: 


M.dr .. . . %=0:216r— 6°6; direction tangent = 0-216 
ieee te, yey Se (A ee 3S 5 Oe 
Pofiland ‘Cement, - %+==0:08 4-2: * y= O08 
For mortars. with: 
Midr .. .°. *=0°:142r— 5°6; directiontangent = 07142 
Me Stylo eee thot Ate tea) ae 4 ye == oe 
Portland cement 
with river- en == 0 0289 06 Ke » 2 OOee 
(Danube) sand 


According to our experience, therefore, the following formula 
in general satisfies x: 
%—=n.r—m, 


Where n is the direction tangent of the line. 

From the examples given above we can see that the value 
of the direction-tangent factor for m. sz. r is always about double that 
of the m. d. r direction-tangen factor, from which it follows that 
the m. sz. r. value-coefficient line is nearer the vertical than the 
corresponding m. d.r line. In the case of Roman cements, however, 
this line is out of all proportion nearer the vertical than in that 
of the Portland cements. 
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In general it can be established, that the cement weight 
corresponding with the unit of strength increases with 
the quantity of water used in the mixture. The proportion 
coefficients the value-coefficients differ considerably for the different 
kinds of cements. Among the cements which formed the object 
of our investigation, the greatest coefficient was at its maximum 
in the case of the weakest cement, the m. sz. r, and at its minimum 
in that of the strongest cement examined, the Portland cement. 

It can be regarded as a rule, that the goodness of the 
cement stands in an inverse relation to the value-coefficient 
of the latter thus defined. 
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Diagram V. Value-Factor Lines for Roman and Portland Cements. 
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We must regard as highly important the determination of 
the circumstance that 
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represents a line for any cement, when p and t are identical; for 
this fact opens to us the way for the drawing conclusions relative 
to the total attainable strengths for any cement, where p and t 
remain unchanged; we need only make two experiments, with 
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two. values of r lying as far apart: as possible, that is with r 
standing as near as possible to its limiting values. In the case of 
mortars it is most appropriate for this purpose to choose for the 


lower value of r:- 
ae Ae i ees 
Oe (1 g , 


and for the higher value, if possible, the cements capacity for 
absorbing water. Ld 7 


If in this manner we have obtained two separate connected 
values of r anda, for some particular time of hardening and proportion 
of sand, we can calculate the two unknown quantities m and n 
of the equation 

%—=n.r—m 


and thereupon the xz, corresponding to any arbitrary quantity of 
water r, and then, the c being calculable from the formulae c 


, G 
given above, 6 can also be calculated from the equation 6 = —. 
% 


Thus we have indicated the way in which the total results. 
of a whole series of experiments can be calculated in 
advance on the basis of two experiments made. We beg 
therefore to call the special attention of the Congress to this 
result. 


It must still be remarked, however, that we have extended 
our investigations in order to ascertain whether with identical 
materials, mixing-proportions and time-of-hardening, a deviation does 
not appear in s, that is, in the ultimate strength per square centi- 
metre, when the volume V of the sample tested undergoes a 
change. 


For this purpose, we completed a series of experiments 
with cubes of 7:07 cm, 15 cm and 30 cm in length and, as is 
demonstrated by the data given in Table 5 below, we found 
that the strength per square centimetre diminished as the size of 
the cube is increased. In our concrete-tests we found that the fall 
in the: strength of cubes which’have a greater length than 30 cm 
is scarcely perceptible, for the tested samples of 50 cm in length’ 
gave. results. sufficiently-in accord with: those of samples-30 cm in 
length. 
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Table 5. 


Comparison of Resistances in Concrete Sample-Cubes 
of Different-Lengths of Side after 28° Days. 


Length of Earth- 


; aus Moist Test samples ranelin et Deeg 
Patt oS = of Concrete 
pee UPon #E3|7*) | 15 | 80 | 50 | 7*) | 15 | 30 | 50 
a a. F cm | cm cm cm cm cm | cm cm 
a strength in kg per cm2 | strength in kg per cm? 


after 28 days after 28 days 


Roman cement 


tich-in-lime . .|[1:4:4] 67-9) 83°4| 82-4) 31-3] 43:0) 21:0] 181) 17-2 


Hence the value factors which are important in practice, 
that is to say, those which we can employ for comparing the 
prices and values of particular cements, will have to be determined 
only from the test-results obtained with large samples 

We shall not discuss the method of comparing prices and 
values in further detail, but wish to continue the analysis of the 
properties of cements on the basis of the results of our setting- 
experiments. 


Portland cement .]1:3:3 |291°8 156°6 149°0 |142°7 |144°5 |105°4 | 89:5 | a 


B. Investigation of the Time-Lines. 


On the basis of the data which appear in the water-lines, 
we can draw the time-lines, only we must refer the times to the 
abscissae and the strengths to the ordinates, and we must connect 
by a continuous line the results obtained with samples prepared 
with the same r. The striking difference which we can remark 
between the m. d. r. and m. sz. r. water-lines, especially after 
periods of setting of 7, 14 and 28 days, a difference which after 
13, 26 weeks diminishes and after 52 weeks of setting (which 
we have introduced into our series of experiments) can be said 
to cease completely is explained better and more clearly by the 
time-lines, o = f (t), which we give for m. d. r. in Diagram VI, 
for m. sz. r. in Diagram VII, and for. portland cement pastes and 


*) The small concrete-samples were prepared with smaller gravel than the others. 
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mortars in Diagrams VIII and IX respectively. As mentioned above, 
the same data appear in these diagrams as in Diagrams I and II; 
only here the development of strength with regard to the progress 
of the time of hardening is more clearly exhibited. 


The time-lines shown in the four diagrams offer, however, 
only a general view of the development of the strength with the 
advance of the time occupied in the process. 

According to these it appears, as if the course of the strength 
would follow the same law in the characteristically differing Roman 
cements, that is; in m.ad. f.ewand misszear 
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Diagram VIII. Time Lines for Portland Cement-Pastes. 
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The course of strength in the two kindsof cement, however, 
follows materially different laws during the time of most importance 
for practical purposes, i. e. the initial period comprising the first 
weeks following the application of the cement in building. 

It is necessary therefore in the first instance to place the 
general picture in its right light. We shall consider first the be- 
ginning of the course of setting with Diagrams X and XI, where 
the m. sr. r. time-lines extend only to the first 91 days of the 
setting process; for, in Diagram X for pastes and in Diagram XI 
for mortars, the lines introduced in Diagram VII are shown on 
a larger scale and separated for the initial period of the hardening. 
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Diagram IX, Time Lines for Portland Cement Mortars. 
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For the purpose of making a clear and successful investigation 
of the time-lines, we must introduce two additional conceptions, 
namely, the speed and the acceleration of the hardening 
process. : } 

It follows, however, from the nature of the case, that these — 
two conceptions are adapted for inclusion in the consideration of. 
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the matter investigated, in as much as the progress of setting 
exhibited in the form of time lines, is just as much a function 
of time as, for example, the path described’in any study relating 
to motion. In order, however, to analyse the variations in the 
path progressing according to some law with, the time, conceptions 
of speed and acceleration are indispensible. The development of 
the strength being-of the same nature as the speed of the hardening, 
we must understand under ,speed of hardening“ the relation 
borne by the change in the strength to the change in the time. 
The acceleration of the hardening is the relation borne by 
the change in the speed of hardening to the time during which the 
change occurs. 


This is expressed analytically by the following formulae: 


With r and p constant the time line is given by: 


6 = i) 
the speed of hardening by: 
| ds 
— — = fF” (t 
: dt (b 
and the acceleration of hardening by: 
a5 
gp soa Ht). 


In oder that F’ (t) and F” (t) may be calculated differentially, 
it is necessary to cast the equation s = F (t) into an analytical shape. 

This would demand the calculation of the results of at least 
five experiments, with the requisite approximation, and obviously 
would lead to ‘a’ from which would be difficult to manipulate 
analytically. 

The graphic method is therefore much more suited for 
the object of a comprehensive research. This method we propose 
to follow. We shall, however, give some simple formulae deduced 
from arbitrary hypotheses based on the results of graphical analysis 
but convenient for calculating approximate values, and these 
formulae will serve as guiding points, if from any cause the 
graphic method should fail us. 

For example, let us consider the m. d. r, m. SZ. I. and 
Portland cement hardening law in Diagrams XII, XIIJ and XIV, for 
~ Roman cements, when r = 0°6, for Portland cement pastes, when 
r—0-4, and for mortar prepared with the condition p= 3. In 
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Diagram XII. Velocity and Acceleration of Hardening for Posie and 
Mortar of Roman Cement rich-in-lime. 
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Diagram XIII. Velocity and Acceleration of Hardening for Paste and 
Mortar of Roman Cement poor-in-lime, 
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Diagram XIV. Velocity and Acceleration of Hardening for 
Paste and Mortar of Portland Cement, . (ie 
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‘the first place we draw, on the basis of results derived from 
experiment, the lines: 

Ga {t} 
continuous in ave Case, Ol. paste, ana broken” (dotted) in 
the case of mortar. 


After drawing these lines we avail mince of the well-known 
process of the graphical differentiation and draw the line: 


Cor. 
= — = F(t). 
Crist | (t) 
Again differentiating this graphically, we come to the line: 
| ip 
Sy BE ape ee 


The time-limes exhibit differences ealy in so far that while 
those of the m. d, r. and Portland cements are concave towards 
the abscissae, those of the m. sz. r. commence concave and after- 
‘wards become convex, that is to: say, they have an inflexion, 
which, however, is not very pronounced. | 

If, however, we consider the lines e =F’ (t) and g = F” (t) 
characteristic for the course of the setting velocity, we see some 
striking differences. 

1. The acceleration of the hardening of Roman cements 
rich-in-lime and of the Portland cements is always negative; its 
absolute value diminishes, and is a maximum at t = 0. 

The acceleration for Roman cements poor-in-lime on the 
other hand is positive and increases up to the point of 
inflexion; beyond this point itis negative, and its absolute 
value diminishes. 

2. The hardening-velocity, which may be called the “setting- 
energy“ is positive for m.d.r. and a maximum at t= O. 
| The hardening-velocity for m.sz.r. is likewise positive, but 
reaches its maximum at the point of inflexion — in the example 
given, after about 4—6 weeks. 

Thusthe law ofhardening-development, or shortly, of hardening 
or setting-energy, appears to be characteristically different for 
Miers and 10. SZ. Tr; 

In the case of the m.sz.r. cements, the slow development 
of strength is to be attributed to weak: initial energy and to this 
also is attributable the low ultimate strength established after 
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setting. of 7, 14, 28 days and 13 weeks. But, from the increase 
of energy up to the point of inflexion and the slow backward 
development after the maximum has been reached, it can be 
anderstood how m. sz. r. cements, in the beginning weak, in the 
later time-stages attain strengths equal to those of m. d. r. cements. 

From the recognition of this fact, we can draw valuable 
conclusions relative to the practical application of cements and of 
hydraulic cements in general. 

In all cases indeed in which mortar or concrete used in - 
building operations must, after a short time, posses a given degree 
of strength, it is rational to employ only those kinds of cement 
which have great initial energy. 

From the foregoing it is evident, that it is a matter of great 
importance in practice to know, with regard to the cement at 
our disposal, whether or not the strength commences with maximum 
energy. Of this we can convince ourselves by means of three 
experiments in which r remains the same (and in the case of 
mortars p also) and if the intervals of time between the tests are 
small, the strength at the beginning is determinable. 


For example let us take: t, = 7, tf, == 14 Und ie tge 
When the strength-coefficient according to t, is 9, 
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hardening is concave or convex to the abscissa. 
If: Bin 6 cal is oat) eee (1a) 
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then the time line is convex and it follows from this that the 
acceleration is positive, that is to say, the hardening does not 
commence with maximum energy. The initial energy, that is, the 
initial velocity of the hardening is, in this case, the following: 
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If o be expressed in kg per cm? and t in days, the energy 
is e kgs. per cm? per day. 
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The numerical value of the hardening acceleration is of less 
interest to us at present than the sign preceding it. The fact that 
the form of the line is convex to the abscissa has determined 
this as negative. We can see from our diagrams that, in this sense, 
the convex lines have an inflexion in the beginning and that the 
energy is at its maximum at the point of infiexion. 


It is difficult to determine the maximum energy in the case 
now under discussion with simple formulae. To obtain this, we 
must resort to the graphic method already described. 


If, however, on the last day of the setting test, for example 
the 28 day, it be desired to know the velocity of development, 
then, taking into consideration the results of two previous ex- 
periments, say those of the 7 and 14 days, the following formula 
gives the required velocity: 
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then the time line is concave, and it follows that the acceleration 
is negative, that is, the setting commences with maximum energy. 


The initial energy is, in this case, likewise the maximum 
energy, and its numerical value is the following: 
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1 
If, at any period of time during the experiment, we wish to 
know the deminished velocity, then, taking into consideration two 


known results for preceding points of time, we can obtain the 
numerical value from the following equation: 
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In order to facilitate the application of the formulae, it is 
desirable to fix the time for the breaking in advance-and to choose 
as the unit of time 7 days, that is, one week, and fix the times 
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at which the breakings shall follow according to some regular 
scheme, as indeed is customary in this kind of experiments. 

For example, in our experiments, we employed the scheme, 
7—14—28 days, or, when expressed in weeks, 1—2—4. 

If we pay attention to this point in the arrangement of our 
experiments, then the following simple formulae furnish the energy 
for the unit of time of one week in kg per cm?: 


Oo, — 0, 


aaa (1b) 


If: Oy9— 04 < 


then the initial energy after the first week, that is, after the 7 day } 
of settling is: } 
e = 1:5 (5; 3.) — 0°17 (6, 9,) in kgs. per cm? per week. 
The increased energy after four weeks, that is, after the 28 day 
of setting is: 
e = 1'5 (6,—s,) — 0°67 (6,—s,) kg per cm? per week. 
If: B9—3, > Aces (2b) 
then the initial energy after the first week, that is, after the 7 day 
of hardening is: 


6.—6 
e= a Dies kg per cm? per week. 


The diminished energy after four weeks, that is; after the 
28th day of hardening is: 
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The graphic differential deduced with the approximating 
conditions led to results agreeing very well with the numerical 
values provided by the formulae grouped above, and from this 
circumstance it was possible to conclude that, with the method 
we employed, thetest-samples were prepared with such uniformity, that 
the hardening development proceeded according to some determinable 
law, and that it is possible to find an expression for this law with 
the help of the average results obtained in the ultimate strengths. 

This law for the four week “intervals* in the setting process 
(in the case of our, experiments we tock: the intervals 1, 2 and 
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4 weeks, in order to simplify the testing) we found capable of 
expression by the formulae below. : 

The law holds good for the four week “intervals“ in the 
course of hardening at the point where the line, in the beginning 
convex, becomes concave; for this part of the line obviously lies 
beyond the point of inflexion. Baka? . 

If the values connected with the experimental results be 
denoted as follows: ) 


After 7 days, in the time t, — 1, the ascertained strength — 4, 
” 14 59 ” . ” : ie | t, == 2, ” ” ¢: as So 
” 28 ” nT) ” t, = 4, ” ” 9 ae er 


then, taking into consideration the lengths of time in the scheme, 
the following equation gives numerically the strength o attained 
in a time t>t,, t being expressed in weeks: 


5 — a, + (t—4) e —(t— 42) X (0°5286, — 0754, + 0:22%, — 0°833e). 


In this expression e denotes the value of the setting energy 
attained after the 28 day and this can be calculated by the 
formulae given on the basis of the experimental results already 
obtained; the multiplier of (t—4)* is always the absolute value of 
the algebraical quantity contained in the brackets. 

With this formula, for example, we calculated the 91 days’ 
or 18 weeks’ strength factors on the basis of the 7, 14 and 28 weeks’ 
experimental results, and obtained numerical values conforming 
well with the 13 weeks experimental results alike for pastes, 
mortars and concretes. Taking this fact as a foundation, we regard 
the determination of the hardening law even for the first 
28 days, as not impossible, provided it be investigated by the 
help of test samples very carefully prepared in accordance with 
the process we have communicated, by means of breaking ‘tests 
performed, as far as possible, every second day. 

From this it appears it would be possible to effect a reduction 
of the standard time of testing, of 28 days, on a mathematical. 
basis, down to 21 and eventually 14. days. The determination of 
this law, however, would have entailed the preparation of a special 
series of test-samples, which it was not possible to include within: 
the already-extended scope of our present research. But, if the 
Congress in its wisdom should so resolve, this question could 
also be referred to the new committee for investigation. 
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Finally, these simple calculations, when based on the results 
of three experiments are sufficient to give full information with 
regard to the important properties of the cement. 

We must, however, still remark, that the calculations are in 
so far approximate, that the deduction of the formulae is 
made with the condition, that the time-line is a parabola passing 
through the origin of the system of co-ordinates and such that 
its axis is parallel with the axis 6, if the line is convex, and parallel 
with the axis t, if the line is concave, while the origin of the 
coordinate system coincides with the point 9,, t,. 

The data elaborated in this chapter all relate to results of 
setting under water. As we have already mentioned, the setting 
law of cements in air was examined at the same time by the aid 
of a series of experiments of like extent. These latter data are 
preserved in our records in the same form as those of the series 
presented, and the results have been studied and analysed in the 
same way as those here communicated. 

After examining altogether 14 Roman cements, from 4 factories. 
and besides these, also two Portland cements, we can announce 
in general that the cement mortars and pastes, subjected to experi- 
ments identical with the series here elaborated, lead to like con- 
clusions, with any kind of sand, which, however, must be homo- 
geneous. In addition to those communicated, such a series was 
carried out with river-sand and with quarry-sand, mixed, uniform 
and fine-grained. The communication of the results of experiments 
thus obtained in a form such as that here treated in detail, would 
lead to repetitions. We mention them, however, in order to indicate 
the extent of our researches. 


VI. The Effect exercised on the Hardening by Quality and 
Quantity of the Sand. 


The influence of sand as manifested in hydraulic-setting, 
has been investigated with mortars. 

It would lead too far, and this report would far exceed the 
limit assigned to it, if the conclusions, drawn from the results of 
our experiments performed with sand, were accompanied by minute 
details such as those given in the foregoing chapter. That we drew 
our conclusions with the necessary circumspection, and after a 
thoughtful study of the experimental results, can, we think, be 
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gathered from the foregoing chapters, and therefore, in what follows, 
we present to the Congress our conclusions accompanied, at most, 
only by a briet justification, 

The influence of sand on the setting of mortar and on the 
strength attainable with mortars was examined in three direc- 
tions, viz: 

J. The effect of the quality of the sand 

2. The influence of the size-of-grain and of the uniformity 
of the sand. 

3. Ihe consequences attending a change in p, the propor- 
tionate quantity of sand to cement. 

Ad 1. The different kinds of sands were classified and 
distinguished according to their purity into: 

a) pure sand (Vienna standard sand and pure river-sand); 

b) crushed sand (from Carpathian sand-stone): 

c) earthy and clayey sand, and ‘sand mixed with organic 
matter, in short, muddy pit-sand; 

qd) To render clearer the effect of clay on sand, we mixed, 
clay artificially with pure river-sand in the proportion 2°59, 
to 20°/, which we gradually increased by steps of a Ole 

The series was prepared with like cement and with like 
mixing-proportions, and the development studied at the six above- 
mentioned intervals of time for a period of 52 weeks. From the 
table constructed rationally with the results thus obtained and from 
the time limes, which the limits of this report do not enable us 
to give, we drew the following conclusions: 

The binding-power of the mortar diminishes with 
the increase in the relative quantity of foreign substances 
adulterating the sand. 

Comparing the results obtained with crushed sands with one 
another and with the results for pure river-sands, we determined 
that, other conditions being identical, the mortar is the 
stronger the stronger its constituent materials and the 
rougher its surface. : 

Ad 2. In view of the fact that the size-of-grain of the sand 
and its uniformity or mixed condition, exercise a modifying effect 
on the setting of the mortars, we prepared the following list for 
experiments with identical cement and with the same mixing 
proportion: 
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a) Vienha standard sand, with grains remaining between the 
sieves of 64 and 144 perforations to the equare centimetre; ~~ 

b) Vienna fine sand which has passed through the 144 sieve; 

c) uniform river-sand (grains remaining between the 64 and 
the 144 sieves); . | 

d) fine river-sand (under the 144-mesh sieve); 

e) mixed river-sand (under the 5 mm sieve); 

f) quarry-sand (under 5 mm sieve): 

We determined the components of the applied mixture of 
river, quarry, and crushed sands by means of several siftings with 
sieves designated in Table 6, where also the results are given. 


, Table 6. | 
Relative Sizes of Grain in Sands of Mixed Grains. 


: River- Quarry- | Crushed 

Kind, ofe sane Sand ~ Sand Sand 

Percentage passing through 0‘5 mm sieve. . 4T3 902 | 29-4 
Percentage of Residue between 0°5 and 10 mm 

SICVES, os Preaek. he? ota ae ee 21°5 4:0) 18°5 
Percentage of Residue between 1:0 and 2°0 mm 

SiO VES july. pls ehe con ele ~ eae, ga ere Mie 13'8 14 21°2 

Percentage of Residue between 2°0 and 5:0 mm : 

BIEVER Pinte) <i pena Ate eee Lee ATA 44 B09 | 
Total percentage. . 1000 100°0 100'0 


We deduced from the results, that: . 

Mortar prepared with sand of mixed grain surpasses 
in goodness and strength a preparation of a similar kind 
with sand of uniform sixe of grain, and a similar kind of 
mortar prepared with fine sand of one andthe same quality. 

The first part of our experience receives its explanation from: 
the fact that, with sand of mixed grain, there is the smallest total 
of interstices. 

In cofsequence of the difference in size of the grains, the 
sinaller particles fill up the spaces between the greater particles, 
and accordingly; in case the conditions and mixing-proportions 
remain unchanged, absolutely (and with regard to the total quantity 
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of interstices, also relatively) the greatest quantity of paste comes 
into the mortar. We say absolutely, because the maximum apparent 
specific gravity of sand is the greatest, and relatively, because, at the 
same time, the total volume of interstices is the smallest. Thus, under: 
like conditions, it is more probable that the grain of sand will be 
completely embedded in paste, and the uniform distribution of the 
paste among the grains supervene more surely than in sands where 
the grains are uniform, and therefore the volume of interstices greater. 

According to our experiences, sand with uniform 
coarse grains is better for preparing good mortar, than 
sand with uniform fine grains, a circumstance which can easily 
be explained from the action of the quantity of nearly-identical 
paste. The paste is destined to stick together and bind the indi- 
vidual grains of sand. This can happen naturally only at the surface 
of the grains. A binding and sticking together of uniform degree- 
of-strength is probable when a uniform quantity of paste comes 
to every unit of surface. Considering that the total surface area for 
sand of smaller grain is considerably greater than for a like weight 
of sand of coarse grain, it follows that more paste comes to the unit 
of surface in coarse-grained sand than in fine sand, and consequently 
the binding power is smaller in the fine sand, a circumstance which 
our experiments have confirmed. 

We consider it desirable; in the interests of the correet. 
working-up and application of cements in practice, to express the 
following summarized conclusion, viz, that the best material 
for making mortar is river-sand of coarse, mixed grain; 
for sand can be obtained from rivers such that it is pure and 
consists of grains of different size. 


ad 8. For an adaquate investigation of the effect due to 
change in the relative quantity of sand in the mortar and percep- 
tible in the course of the hardening, we made the following series 
of experiments. The proportion of cement and sand, p, varied 
from 1 to 6. At the same time, the proportion, r, of water mixed 
in was succéssively changed by increments of 0:1 between the 
minimum mixing-limit and the maximum water-absorbing limit. 
In working up the results obtained in this series of experiments 
by collecting them in appropriately grouped tables and by con- 
structing diagrams of the sand lines -and' of the identical resistance 
lines determinable with successive differences of 10 kg 5, we 
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directed special attention to determining whether, at the limit of 
characteristic difference in the mortar-material, that is, when the 
mixing-proportions correspond or nearly correspond with compact 
and with porous mortars (with fat and with thin mortars), the 
cement, with an identical proportion of water, develops its maxi- 
mum binding-capacity. 

We could determine in advance by our method of calculation 
the quantity of sand, p, corresponding with the transitions, for 
every r. | 
According to our diagrams, every time-line has a maximum, 
and this p value, or proportion of sand, is in fact always deter- 
minable for compact and porous mortars for any particular value 
of r, and is formed in the neighbourhood of, and somewhat 
below, the p calculated theoretically, that is, in the characteristi- 
cally compact-mortar region. 

We could read from the diagram the mixing-proportion 
corresponding with the maximum; likewise the paste- and mortar- 
content corresponding with the mixing-proportion. We found that the 
mortars in our experiments attained their maximum strengths when 
the volume of the paste was 1:1 times the smallest possible 
volume of the interstices in the sand. 

For the information of practicians, we may remark that the 
transition from compact to porous mortar, with the customary 
dosing is to be expected, if the mixing proportion is given in 
weight, at about from 1:4 to 1:5, that is, when p= 4 orp =85, 
which corresponds nearly with the 1:38 mixing-proportion in 
volume which is now extensively used in practice. Compact 
mortar of a kind, in which the cement develops the maximum of 
its binding-capacity, should be prepared with somewhat less sand, 
that is, with a somewhat lower sand-proportion factor. 


VII. Influence of the Quality and Quantity of Gravel on 
the Hardening. 

If we employ gravel also in hydraulic-binding, the con- 
glomerate body formed with the cement, is called concrete. We 
have investigated the effect of gravel in hydraulic-binding with 
concretes. 

Preliminary, so-called tentative, experiments acquainted us 
beyond doubt with the fact, that the consequences of variation in 


LO ih Ee 


X12 


the water-proportion are of a similar nature, in the case of con- 
cretes to those in pastes and mortars, as far as the attainable 
strength is concerned. . 

The circumstance, that it is less easy to maintain the exact 
quantity of water with concretes than with cements, rendered 
the investigation of the former a matter of very great difficulty. 
The series of researches with cements was accomplished with 
test-samples of 353°5 cm? volume and the thorough drying of the 
sand required for these samples was effected only by a great 
expenditure of labour. 


It was, however, necessary that the test-samples prepared 
from concrete should have side lengths of 30cm and 50cm, 
partly to counteract the difficulties of manipulation caused by the 
greater size of the gravel-grains, and partly in order that the 
results which we might establish should approach those obtained 
in practice. The preparation, however, of these samples of 31°6 
and 125 litres volume respectively, in such large numbers as our 
extensive experimental series demanded, would have called for a 
quantity of completely-dried sand and gravel which we could not 
provide on the premises and with the instruments at our disposal. 

Accordingly, before preparing the test-samples, we determined 
the degree of moisture, that is, the relative water-content of the 
sand and gravel to be worked-up, by taking averages obtained in 
the drying of specimens of the materials, and besides this, we 
determined also their water-absorbing capacity. 

The difference of the water-absorbing capacity and the degree 
of moisture determined gave the relative water-content, which the 
sand and the gravel draw directly from the paste-water, and use 
for their own moistening. Therefore, it was necessary to determine 
the differences for all the material, in order that we might be able 
to fix numerically the corresponding correction, or rather, grade 
for the water-factor r. 

In the Vienna standard sand we determined only the specific 
weight and the maximum apparent specific gravity whereas, in 
addition to these, we had to ascertain, in the case of other sands 
used in the tests, the degree of moisture, the specific weight of 
the moist material and the water-absorbing capacity, all separately. 

In determining these factors we made use of the following 
method: 
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The maximum. apparent specific gravities of the cements and 
“gravels were mea sured in a vessel having an aperture below, provided 
with a tap. First we measured into the vessel sufficient dry sand 
or gravel to fill it. Into the vessel filled with the desiccated 
“material we introduced water slowly from below through the tap, 
-and this, slowly rising, drove out the air in the interstices of the | 
material. As the water appeared above the surface of the sand or 
gravel, the material shrank hae ON its volume being considerably 
diminished. 

Measuring the diminution in volume and the weight of the 
material when. saturated with water, we found that the increase 
in weight gave the weight of water absorbed and the content of 
the interstices filled with water in one total. After the weighing, 
we let-off the water again through the tap, until the exudation was 
no more perceptible. After the draining-off of the water, another 
weighing enabled us to determine the weight of water absorbed 
in the material. The data thus obtained afforded a sufficient basis 
for the necessary calculation. 

This fatiguing measurement, demanding much circumspection 
and involving great loss of time, was repeated by us with all 
sands and all gravels at least four times, in vessels of the three 
sizes of 31, 117, and 1000 litres respectively. The great difference 
in the volumes of the vessels is justified by the fact, that the 
loose materials suffer a compression through their own weight. 
We wished to ascertain the effect of this with our experiments, 
in order that we might be able to take it into account in deter- 
mining the weight of the test-samples, if it should not prove to be 
negligeable. With dry sand and dry gravel, however, we did not per- 
ceive any. compression due to the weight of the materials 
themselves. 


The exactitude of the process of preparing the concrete test- 
samples, that is to say, the quality of these, was likewise 
controlled by the calculation of their weights in advance and by 
the weighing of the prepared samples. With regard, however, 
partly to the fact that interstices of the gravel left in the concrete 
are not filled up with mortar or cement, but more especially in 
view of crumbling in the gravel-material eventually arising from its 
more violent manipulation, and, still further, with regard to the 
disturbing circumstances which may arise from the heterogeneous 
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nature of the gravel-material, we regarded a greater divergence 
(maximum 5°/,) in the calculated weight for concrete test-samples 
as permissible. 


The development of the hardening in concretes was not examined 
with the water lines, that is, with gradual increments of 0:05 in 
the water-proportion, but the investigation was carried out with 
two water-proportions, viz, those which are most important. from 
the point of view of the application of concrete in practice. These 
-are known in practice under the names: earth-moist concretes and 
plastic concretes. Our definition of these two kinds of concrete is 
as follows: ! 


a) Earth-moist-concrete is, to the touch, like humid earth, 
remains together when pressed in the hand, does not spread out 
in the course of manipulation under ramming tools, and begins 
to sweat slightly only at the limit of compactness attainable. 


b) Plastic concrete is like thick mud, sticks when taken in 
the hand, spreads out when worked with ramming tools, and 
sweats vigourously even at the beginning of the advance towards 
compactness. 


We have already had occasion to state, that the strength 
attainable with test-samples of one and the same composition 
decreases with the increase of the dimensions of these. The de- 
crease is material in relatively small bodies, but immaterial in 
relatively large ones. As we have already observed and proved 
in Table V, there were no noteworthy differences bet- 
ween the strengths of tested cubes of 316 and 50 cm side-length 
respectively. This is the reason why we carried out our series of 
concrete-tests with samples of a side-length of 31:6 cm, that is, 
of 1000 square centimetre side-surface area and 31°6 litre volume. 


The concrete test-samples were kept, until the arrival of 
the moment for breaking, within a covering of moist sand. The 
Committee adopted this mode of preservation in its researches 
with concrete because, in the great majority of cases, this corres- 
. ponds better with the circumstances of setting for concretes exist- 
ing in practice than the process of setting under water. It was, 
however, also necessary to choose this method for reasons con- 
_ nected with locality and cost of material; for, with the alternative 
method it would have been impossible for us to provide so many 
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tubs of suitable dimensions as the gréat number of our concrete 
tests would have demanded. 

The scope of our investigation by experiments with concretes 
may be signalised as follows: 


From six varieties of Roman cement and one of Portland — 


cement were prepared earth-moist and plastic samples, as defined 
above, that is, two series of samples differing from each other 
with regard to the proportion of water used up. Thus fourteen 
Series were prepared altogether 8000 concrete cubes — in con- 
sideration merely of variety of cement and water-proportion. 

The progress of hardening was determined after 14 and 28 days, 
and then after 138 and 52 weeks. 

With regard to the scope of the enquiry, we must further 
mention that, in order to be able to bring the strengths attainable 
with pastes and mortars into relation to those which were to be 
determined with concretes, that is to say, in order to be able to 
compare the binding-capacities of one and the same cement appear- 
ing in different preparations and eventually to draw conclusions, 
we again made parallel series of experiments with cements used 
in concretes, and with the concrete samples, similar to those which 
we have previously described in our study of the properties of 
cements. Naturally the nature of the comparative study required, 
that the pastes and mortars intended for this object should be 
prepared with the same water-proportion as was used for the 
concretes investigated. 

In view of the very different properties of cements, the different 
water-absorbing capacities of the sands employed, and especially 
to the great number of different kinds of gravel available, we 
regarded as identical, as far as water was concerned, any pastes, 
mortars and concretes which had the same physical description or 
consistency. Thus, with the results of our experiments with paste 
and mortar here noted, we were placed in a position to acquire 
information concerning the strengths attainable with pastes, mortars, 
and cements not only of identical water-proportion but also of 
identical consistency. Knowing, however, that the strength de- 
termined by experiment diminishes with the increase of the di- 
mensions of the sample tested, we determined, in order that we 
might eventually be able to establish accurately the relation exist- 
ing between the strengths of concretes and those of mortars used 
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in concretes, to include — parallel with the concrete-experiments — 
a series of mortar-experiments in which the mortar cubes were 
identical in size. with those of the concrete experiments. 

With the concrete experiments we desired to’ elucidate the 
following questions: 


1. The influence exercised Dy thie ~ method and extent of 
manipulation on the strength ‘attainable. 


2. Has the change in the water-proportion any effect on the 
setting, and if so, what is the nature of the effect? 


3. The influence of the quality of sand used for cements on 
the strength attainable with concretes. 


4, Is there a determinable connection between the strength 
of concrete and the strength of mortar used in concrete? 


5. The effect of the quality of the gravel on the strength of 
the concrete. 


6. What is the nadine of the effect exercised on the course 
of setting by a change in q, the relative quantity of gravel? 


7. Are there differences in the breaking-limits in the various 
directions in which it is possible to apply the force? 


Work applied in the course of Compressing. 


That the mode of manipulation and the quantity of work 
applied are matters of indifference, has been repeatedly established 
and confirmed in the» preceding pages. This statement is also 
completely confirmed in the case of the concrete tests, provided 
that, for the manipulation or compressing, we regard the weight 
of the test samples calculated beforehand — accurately, or within the 
limits of error known from the preceding patt of this: communi- 
cation to be permissible — as. the standard of measurément 
suitable for such manipulation or compressing of the test-samples. 
For in spite of the fact that the manipulation of our concrete test- 
Samples was. effected by) a.great variety of different methods — as, 
partly on account of the varying physical condition dependent on 
the mixing and the water-proportion; and partly on: account of 
the differing physical properties of the materials worked ‘up, it 
would have been impossible: for us to attain |the object above 
indicated. — the. course’ of.-setting remarked in» concretes still 
exactly follows the laws found. for pastes and mortars. in all points. 
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The law- of the development of hardening, which we have 
observed in our extended concrete experiments, and its identity 
with what we found for pastes and mortars, verifies the accuracy 
of our preceding statement beyond all question. 


Influence of the Quantity of Water. 


The development of hardening in concrete decreases ‘in general — 
with the increase of the quantity of water. The forms of the 
water-lines and time-lines are in every respect similar to those 
communicated in detail for pastes and cements; hence ,also the 
laws which can be deduced from these lines cannot but be 
concordant. 


Influence of the Quality of Sand on the strengths of Concretes. 


This question we investigated in the following manner. We 
carried out series of experiments with the above-mentioned cements, 
in the physical conditions and with the mixing proportions 
communicated in the answer given to Question No. 6 and further, 
with the following combinations of different kinds of sand 
and gravel: ~ 

a) river-sand, river-gravel; 

b) river-sand, lime-stone gravel; 

c) river-sand, basalt gravel; 

d) quarry-sand, lime-stone gravel; 

e) quarry-sand, basalt gravel; and finally, in addition to these, 
tentative experiments with: 

f) quarry-sand, brick gravel; 

g) river-sand, brick gravel. 

From the results arrived at with this series of experiments, 
which we carried out in great detail for the sake of studying in 
particular the influence of the properties of the gravel (a matter 
which is to be discussed later) we have abundant opportunity 
for deriving information relative to the influence of the quality of 
the sand. 

In the course of the experiments it was found, that the 
quality of the sand has a striking effect on the quality of the concrete. 
It was remarked that, with coarse, pure sand such, for example, 
as our river-sand of mixed grain — the concrete attains a 
much greater strength than with fine-grained quarry-sand. 
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Our experiments disclosed an enormous difference in the 
capacities of Roman cements poor-in-lime and Roman cements 
rich-in-ilime. Whereas with m. d r. and with Portland cement 
we obtained very different, but yet acceptable values, even with 
fine-grained quarry-sand, the m. sz. r_ with the like quarry-sand 
could not attain any noteworthy Strength even after 26 and 52 
weeks, that is, after a year’s setting. The lamentable results of 
our concrete experiments were not alone in confirming the 
unsuitability of Roman cement. with fine-grained sand for 
application in practice, but this was previously indicated no less 
clearly by the feeble setting-capacities of the mortars prepared 
with such sand. 

We consider it a duty to express. our conviction, that the 
use of fine-grained quarry-sand. for cements should be avoided as 
much as possible, and that Roman cements poor-in-lime, with 
fine-grained quarry-sand, are not suitable for the preparation 
either of mortar or of concrete. | 

_ These strikingly bad results are, in our Opinion, attributable 
partly to the circumstance that quarry-sands contain a much greater 
quantity of organic and other elements of an impure kind than the 
river-sands. obtained by dredging, partly, and indeed principally, 
to the fact, that in the quarry-sands there are great numbers of 
exceedingly fine grains, and these, during the process of saturation, 
gather so much water on their relatively large surfaces, that, in the 
process of setting, they dilute the actual binding material, the paste, 
and according to the evidence provided by the water lines, this 
dilution has a permanent effect on the course of the setting. 


Relation between the Hardening of Mortar and that of Concrete. 


In order to determine this relation, the above-mentioned 
mortar-tests were carried out with test-cubes uniform in size with 
the concrete-cubes and of which the mixing-proportions and relative 
water-content were identical with those of the mortar used for the 
concrete. These groups of experiments were made with two water- 
proportions and four cements, altogether eight series, and durations 
of setting comprising 14 and 28 days, and 18 and 52 weeks. The 
results of these experiments are given below in Table 7, to enable 
attention to be directed to the surprising experience, that the 
strength attainable with concrete — so long as the gravel 
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used for the latter is stronger than the mortar — is always 
nearly equal to the strength of the mortar used for it. 
For the strength of concretes, then, the criterion is given 
by the quality of the mortar contained in them. 

- With more exhaustive experiments it’ would be possible to 
demonstrate, from this similarity in the strengths of the mortar and 
concrete, that mortar test-samples of suitable dimensions can be 
substituted for the concrete samples, provided their composition be 
identical with that of the mortar used for the concrete. “+6 


Table are 


Comparison of the Strengths of Mortar and Concrete 
Cubes of 80 cm in length, prepared with Roman-Cement 
— rich-in-lime. 


30 cm Concrete Test-Samples 
with River-Sand and River- 


20 cm Mortar Test-Samples 


made with River-Sand Gravel 
‘Time ; : A a 
Earth-Moist Plastic Earth-Moist Plastic 
of Setting ; is TT ‘ + Sih 
Mixing- ~ Mixing- Mixing- Mixing- 
Propertion ~ Proportion Proportion Proportion 


13] de4 436] 4:3) fed | 156 [ed s3lte4eal e626) 13:94 Alt 626 


| ‘ 
28. days 2). =. (40.7 31-3 24-5] 28-9 19:8 9:8] 44-8) 34-4| 24 4] 285 20°3| 12°5 


18 weeks . . . |59°0) 53:0) 39-9] 49:0, 33:5) 20°2] 69°5| 48°0| 37-0 48°5 31:0 21°0 
52 weeks . . . | 895) 80°0/ 69:0) 76:0 53:5) 83:5] 86-0, 85:0) 49-0] 67-0 51°5) 29-0) 


Influence of the Quality of the Gravel on Concrete. 

Endeavours were made to determine this question by intro- 
ducing corresponding series of experiments corresponding: with the 
seven combinations mentioned above. and: eee in said answer 
to question 3. é aie 

In our concrete-experiments, we obtained the experience that 
the quality of the gravel material, its degree of hardness, and its 
strength, cannot make themselves’ felt-in concrete to any calculable 
extent This is shown by the results of our experiments obtained with 
identically-mixed ‘concretes prepared with lime-stone gravel ‘and 
with basalt-stone gravel and given by way of illustration in Table 8. 
In these we. obtained identical strengths with two mediums of very 
different degrees of hardness and strength, their ultimate’ strengths 
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corresponding with the strengths of the mortar used in the concretes, 
in accordance with what was demonstrated under the preceding 
heading. 

In Table 8 we give results connected with this question 
obtained with Roman-cement concretes rich-in-lime, prepared with 
small lime-stone gravel of a breaking-limit of 600 —1000 kgs./cm2 
and with small basalt-stone gravel of a breaking-limit of 3000— 
3500 kgs./cm?, that is, about four times harder than the lime-stone. 


Table 8. 


Concrete prepared with Roman Cement rich-in-lime, 
River-Sands and Gravels of differents Strengths. 


Lime-stone gravel 


: | : 
earth-moist plastic 


Time of setting | Weight-proportions and water- Weight-proportions and water- 
proportions of materials mixed | proportions of materials mixed 
1:3:3/1:3:4/1:4:4/1:4:6)/1:6:6 1:3:8/1:3:4/1 '4:41:4:61:6:6 

0°65 | 0°675) 0°725) 0:775) 0°875]0°'775, 08 | COOL te i3L6 
a OO 


14 days .. .| 41°1; 41°0) 33:0, 33°2; 23:1] 16°9 20-2 136} 16°8) 10-4 


28 days ...] 45°7| 43°9) 40-1) 44:3) 25-0] 21°9 246 19°9} 22:9! 13°4 
18 weeks. . .]| 66:5) 66:0) 59-5) 61:5) 42-5] 35-0) 39°5. 32:3) 32:2) 26°5 
52 weeks. . . | 120°5)112°0, 103°0) 98:5) 70-0} 80-0, 81:0 70-0) 68:5) 51-0 


2S EA EAE LE DEE ES LE ST SETS ESE RELIES RRS EES PONT TE SEER PRE SN ATE IR SSG EET 
Basalt-gravel 


Weight-proportions and water- |] Weight-proportions and water- 
Time of setting | proportions of materials mixed | proportions of materials mixed 


1:3:3/1:3:4/1:4:4/1:4:611:6:6 1:3:31:3:4|1:4:41:4:6 1:6:6 
| 0666 0°668 0°728) 0°782) 0°882] 0°866) 0°888 0:938 0°982) 1°082 


14 days .. .| 306, 289] 26-9! 25-2) 20:6] 15°01 140) 11°8' 141] 10°6 
28 days . . .| 42°5| 40°9) 35°83] 88-4] 23-4] 21°5' 19-9) 180] 19:8) 15° 
1B weeks. . .| 58:5) 59-5] b1'8) 54°0| 42-0] 36°5| 35°81 29°21 32-7] 24-0 
52 weeks. . . | 116°5| 118.0, 100°5| 109°5| 88-0] 73°3| 74-0' 61-01 73-0' 52:5 


Although from the preceding it is perhaps superfluous, we 
must again remark that, according to our experiments, the hardness 
of the stone is only indifferent to the strength attainable w:th 
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concrete so long as the stone is not weaker than the mortar, for 
in this case the strength of the stone. forms the limit for the result 
attainable with the concrete. 

The mortar in concretes prepared with: strong 
gravels breaks sooner than the gravel — in concretes pre- 
pared with weak gravels the gravel, because breaking= 
limit, is, attained sooner under. the. applicationwofeams 
creasing force, ie 

In a word, the limit of resistance of the concrete is 
fixed by the weaker elem€ntiedntained ine 


Table 9. 


Concrete prepared with Roman Cement poor-in-lime, with | 
Rough and with Smooth Gravels. 


River Sand Basalt Gravel | 
Time earth-moist plastic 
of Mixture, Weight and Water ‘ ~ Mixture, ‘Weight and Water 
Settine Proportions ; Proportions 
etting ‘ ae 
1:8:31:3:4/1:4:41:4:6 1:6:6]1:3:3/1:3:41:4:4/1:4:6|1:6:6 
0°56 | 0°58 | 0°63 0:67| 0:77] 0:66 | 068! 0:78 0°82} 1:02 
14. dayse vive | 20D | A233 gh | 29 1 62| 54) 60 49 AD) 27) 
28. days... | 12:5) 143) 92) 119) 7:5) 64) S81) 5D) bie 
18. -weeks*>-. 3 4 '33'9 384 18°7 | 18°8 | 9°6| 212) 166) 80) 85) 50 
52 weeks . . [1145 |110°S | 86-0) 39-0) 31:3] 790) 840! 55:°0| 42:4| 22:3 
| | | 
River Sand River, Gravel 
Time earth-moist ‘plastic 
of “Mixture, Weight and Water Mixture, Weight and Water 
Setting eg ES@pOTHOnS : Ki Proportions 
1:3:3)1:3:41:4:41:4:6|1:6:6]1:3:3/1:3:4 1:4:4|1:4:6|1:6:6 
0:56 | 0°58 0°64 0°68 | 0-80| 0°66 | 068 | 0°80) 0°84] 1°08 
| | | | | 
Lamdays' ty ee Dav pois (eco 1 5:2 | AD) 49) 481) 3:3)” ae 
28 days .. . | 108/109) 78) 66) 48! 61] 64] 89| 35] 24 
13 weeks». , | 85°9| 88°4| 22:5) 10:0} 5:6] 237] 21-6] 1341 65) Be 
52 weeks- . . | 963] 90°6) 68:5 | da 29°4| 723} 69°5 | 49°5 | 38°4) 16°9) 
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With this we regard also as decided, the long-disputed question, 
as to whether rough or smooth gravel gives the better concrete, 
for according to our experiments, with appropriate mixing no 
calculable nor note-worthy difference between these two varieties 
became apparent in the strengths attainable. This is shown in 
Table 1X which gives the results obtained with concretes prepared 
from Roman cements poor-in-lime, with rough and with 
smooth gravels, ; 

Hence in practice, the decision on this question can be left 
simply to the competition between the market-prices of the 
different gravels. 

A few words must be devoted to the results we obtained 
with concretes prepared with brick gravel; for they are sufficiently 
Startling. Of these it can be stated that, until the mortar attains 
bipeaecdtec. Of strengih afihe brick, .the..strengtm of. the 
Hienieteu ses tie bresakingatimit ofthe concretes, just as 
Pe-o) Soreiime-Sione.. gravel ain the. concrete would .so fix. it. 
However, after the further advance of the setting in the mortar, 
the weaknes. of the brick becomes apparent. 


Table 10. 
Comparisons of Strengths of Concretes prepared with 
Roman Cement rich-in-lime, and with Brick and Lime- 
stane, Gravel, 


Quarry-Sand Brick | Quarry-Sand Lime-Stone 


Proportion of weights of Proportion -of weights of 
materials mixed materials mixed 


Lt 494 ‘Ts Ge? G 19424 Le6: 6 


Time of Setting 


earth- | 
moist | 


earth- earth- 


earth- lastic | lastic 
moist By moist |P 


moist Biaetie 


ae 


231 | 2171 170} 136] 265 182] 231) 141 
13 weeks .. . .| 39:0 | 332] 251} 220] 390 300] 321 | 207 
p2 weeks... .| 79:5} 640] 490| 455] 585 49:0] 55:0! 35-0 
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In concretes prepared with brick-gravel, moreover, the great 
water-absorbing power of the brick-material manifests itself.in the 
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influence it excercises on the development of strength during the 
setting. It is, in any case, scarcely possible to saturate the 
brick-material adequately with water, and accordingly it abstracts 
much water from the mortar, and in doing so has precisely the 
opposite effect on the setting to that exercised by fine quarry- 
sand. Thus by diminishing the water-proportion of the mortar, — 
the energy and velocity of setting are increased, so that even 
cements poor-in-lime — which, with other ingredients, do not 
receive their due — attain quite noteworthy strengths in 
concretes with brick-gravel, This we can attribute to no 
other cause than the decrease in the water-proportion of the 
mortar. This favourable circumstance also exercises its influence 
on mortars in brick walls. 


Effect of the Quantity of Gravel on the Strengths attainable 
with Concretes. 


For the purpose of inquiring into the influence of the quantity 
of gravel, we used, in the field of experiments already described, 
concrete test-samples of the following proportions of material by 
weight: 

C:p:q=—1:3:3;—=1:3:4;=—1:4:4; = 1:43 023 
altogether, five different quantities of gravel. 

- Constructing tables and diagrams — especially water lines — 
from the results, we find in general that, until the quantity of mortar ~ 
is such that it is capable of occupying completely the sum of 
the interstices between the grains of gravel or advances beyond 
this quantity, the concrete strength, in case the same mortar is 
used, scarcely changes and is very near to the strength of the 
mortar. In this respect we obtain perceptibly the best result, if 
we choose the factors of the mixing-proportions so that, passing 
beyond the standard-limit for compactness, the actual content of 
mortar is in the ratio: of about 1-1 or 1:15 to 1 to the quantity 
necessary to satisfy the standard, and at the same time the volume 
of paste in the mortar is about 1:1 times the sum of the inter- 
stices between the grains of sand. Under these conditions, with 
careful work, it is possible to satisfy the requirement that every 
grain of gravel shall be completely enclosed in mortar and every 
grain of sand in paste. As the quantity of gravel passes the limit, 
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that is to say, the condition for compactness in the body, the 
strength diminishes with the increase in the quantity of gravel; 
for with the most careful manipulation, it is impossible in this 
case to prevent some grains of gravel remaining unenveloped by 
mortar-material or, from obtaining so little of the relatively small 
quantity of mortar, that the necesseary adhesion is not insured. 

In practice it is desirable, for the purpose of pre- 
paring uniform and compact mortar and concrete, to 
work with a greater proportion of water than has hither- 
to been customary, for two reasons, viz: 

a} To render dry concretes and mortars suitably compact, 
demands in practice much difficult, expensive, and careful labour, 
white uniformity of structure, and uniform distribution of the 
paste cannot be arrived at completely; but uniform compactness 
can with some small increase in the degree of moisture, be appro- 
priately secured with a materially smaller amount of labour. 

b) The more-easily attained greater compactness compensates 
in some measure for the decrease in the binding-capacity caused 
by the increase in the proportion of water. 

Briefly summarizing what we have said in this connection, 
Wwe can pronounce, on the ground of the results of our experiments 
that, from like materials, concretes of greatest strength 
can be prepared by using the mixing-proportions which 
satisfy the conditions of the compact sample. 


The Effect of Differences in the Directions of Ramming and 
of the Application of Strain respectively. 


The fact being known that the direction taken by the bur- 
dening of concrete is, in practice, generally the same as that of 
the ramming, whereas it is usual to determine the breaking limit 
by experiment with a pressure exercised perpendicular to the 
direction in which the sample was rammed, we accordingly attri- 
buted importance, from a practical point of view, to a determination 
of the question, as to whether any difference in the strengths 
of concretes in these two directions is determinable. 

In order to arrive at a final decision on this point, the 
Committee prepared separate parallel series of samples, so that it 
might be possible to test perfectly identical concretes as to their 
strengths in these two directions. With this procedure, however, it 
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was not possible to establish divergences, for, within the limits 
allowed in the experiments, variations showed themselves in both 
directions. 

As far as this matter is concerned, we can pronounce, on 


the ground of our experiments, that the ultimate strength of concrete 


remains the same, whatever may be the direction of the 
force acting against it. 

This concludes the brief report of the extended research 
into the properties of the two characteristic kinds of Hungarian 
Roman cements, which the Budapesth Congress of the International 
Association for Testing materials entrusted to us and clears up the 
question as to the two kinds of Hungarian koman cement, a 
research continued for years, so that, from the properties in- 
vestigated, we might derive conclusions of scientific value and meet 
the requirements of practice. 


This research, however, was extended to include every de- 
scription of experiment with Portland cements, so as to enable us 
to establish comparisons between these and the Roman cements. 
In the course of our work, we arrived at the conviction —- as can 
be verified by the data connected with the extensive experiments 
we carried out with Portland cements — that, whereas the chemical 
and physical laws are almost identical for Portland and for Roman 
cements, our method of testing, on which we based the entire 
research, can be employed with perfect success for Portland 
cements also. | 

Thus, also in the case of Portland cements we were successful 
in preparing samples for testing, such that their weight accorded 
exactly with that ascertained in advance by calculation; accordingly, 
the method provides unexceptionable means of controlling 
the quality of the test-samples in the case of Portland 
cements also. 

It was observed, that test-samples prepared by this 
method give, in consequence of their more uniform structure, 
more uniform results and, on account of their compactness, 
better ones, than test-samples prepared on the standard tests 
method with the same proportions of mixed materials. 

Finally, we were able to establish that, besides their con- 
siderably higher strength-values, Portland cements present no other 
considerable differences as compared with Roman cements. 
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The circumstance, that our conclusions and analyses follow 
directly from the results of experiments, is the best proof of the 
excellence of the testing process, which we employed. 

In the belief and on the ground that we have duly fulfilled, 
by our research, the task entrusted to us by the Congress of 
the International Association for Testing Materials, we beg to con- 
clude our report by again desiring ihe Congress to resolve that 
our method, appropriately elaborated, be accepted for general use 
and that the determination of the details be entrusted to a Com- 
mittee to be newly elected. 
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XV 
ON THE METHODS OF TESTING RUBBER. 


By E. Camerman, Brussels. 


Since the Congress in Brussels 1906 no important alterations 
have occurred in the methods of testing rubber by chemical 
analysis. Those treated on by the President of Committee 35 are 
still in practice. 

Interesting observations on the analysis of rubber have been 
made especially by: 

Herbst, Gummi-Kalender 1908. — Le Cautchouc et la 
Gutta Percha, Paris, No. 49, DE 53 of 1908. 

Schwartz, ibidem No. 42 and 43 of 1907 and above all 
by Rudolf Ditmar in his work “Die Analyse des Kautschuks, der 
Gutta-Percha, Balata und ihrer Zusdtze“, Wien und Leipzig 1909. 

The most efficient contribution to the problem 385 is given 
in the report of M. P. Breuil on the mechanical tests of rubber. 

This interesting paper has been published: in extenso in 
French as Supplement to the Congress papers. 
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XVIIT1 
CONTINUOUSLY REPEATED TESTS ON 
PAPER.*) 


By Prof. A. Rejto of Budapesth. 
Translated from the French by A, R. Liddell, Charlottenburg. 


Continuous repetitions of a given manipulation or of a given 
Strain play an important part amongst the methods of testing 
materials. 

As a result of this and because all the materials are subject 
to the laws of nature, we hope that the results obtained on papers 
submitted to repeated tests will be of general interest. 

To prevent misunderstandings, however, we shall first set 
forth the principles of permanent deformation. 

Bodies submitted to strains undergo two kinds of deformation 
— an elastic and a permanent one. 

During the occurrence of permanent deformation the external 
force may be taken to have overcome the internal friction. 

In certain materials the internal friction increases steadily up 
to a certain limit, while in others it remains constant. 

The shapability or “capability of being fashioned“ of the 
materials is in the first case called “tenacity“ and in the second 
, malleability “. 

Paper is an elastic and tenacious substance. 

Under the influence of tensile tests continued to the point 
of rupture of the material the external work may be considered 
as overcoming the sum of the amounts of work represented by 
elasticity and tenacity respectively. 


*) Abstract of the report published in german in the Supplement to the 
Congress papers. . 
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To facilitate the comparison, we must determine the relation 
between the external work and the weights of the samples (kgs.). 
Let us call this value Na ric Eliminating the elastic work, we obtain 
the work necessary to overcome the internal friction, that is to 


say, the value of the tenacity. Let us call this value Zio 


Repetition of a Longitudinal Strain. 


During the repetition of a strain which is also constantly 
increasing, the paper each time undergoes a measurable permanent 
deformation and in consequence each time loses a measurable 
quantity of its tenacity. 

During the repetition of a strain with the limit constant and 
the external force below the elastic limit, the permanent deforma- 
tion is not measurable. If, however, we repeat these strains 
without allowing the paper time to rest, the permanent deformation 
becomes measurable. This can be continued till the sum of the 
work done in the production of these small deformations reaches 
the value of the tenacity. 


For a constant limit of force, the number of repetitions (J) 


depends on the tenacity (Zz@*) and on the relation existing bet- 


ween the external force (P,) and the breaking force (P,) of the 
test-sample. 
The mathematical expression of this relation is: 
log J=tge.log Ze" 
whence 
a P, 
dee (= —-1) (4) 


To make the formula independant of the dimensions of the 
test-samples, the tensile strains in terms of the unit of sectional 
area must be introduced into the calculation instead of the total 
force. In this case our formula becomes: 


J= Za (Es, ‘Sr ) (4b) 


1 
The Influence. of Repose in the Loaded andeiagam 
Unloaded Conditions. If we allow the body to. rest in the 
unloaded condition, we see that the elongation produced in it by 
a preceeding strain diminishes, and in this way its tenacity 
increases. The result is that the body will withstand a greater 
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we 
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number of repetitions (J). If the body be kept in a loaded. 
condition during the intervals between the repetitions, it undergoes. 
a surplus elongation, which diminishes its tenacity in such a way 
that the number of repetitions (J), which it will be able to. 
withstand, will be diminished. 


Bending and Folding. 
The resistance of paper to repeated .bendings and foldings 
has hitherto been determined by hand treatment. It is now made 
with the help of the Schopper folding apparatus. 


We may now consider the Schopper method from the point 
of view of the internal friction of the materials. | 


As a result of the pull (R) excercised by the springs, the 
papers undergo a tensile strain P,. 


As a result of the regular bending, the fibres at the convex 
side of the paper undergo a tensile strain pp. 


The tensile stress of the fibres will then be p, = pr + Pn. 


Substituting the values P, und Py, we obtain the value of 
the tensile stress p,: 


Boe es Peete (P27 Pe\! 
oa v3 [Ps sat he ) + 


ue ee ( i ) ( I ) 2 (10 
| Ta bone a, oy ot Ps oH 


From this it follows that p, can be independent of the 
thickness (6) only, if the sum of the first and third terms be constant. 


I have calculated the values of P, corresponding with different 
values of 6 from the characteristic results given by a certain paper, 
and this has shown me that the limit of effect, that is to say, the 


quotient (2) is almost constant for the papers the thicknes of 


which is 6 md 0:04 — 0°11 mm. 

It is, therefore, probable, that there is in this case a certain 
definite relation between the number (J) of the double bendings 
and the internal work. 

To enable this relation to be determined, I have put these 


mkgs 


ae into a system of logarithmic 


numbers (J) and the values of A 
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Sarai ates and have obtained a: Ao okt line. The - ee m1: 
this line is: i) 7 eh 
| log J = cot » (log Ay — log he riley pa 


vher | . 
whence a (*) se 
Ao 
If springs of 1000 grs. be made use of, the relation is: 
_, [Ales] 279 a q 
J1000 = 16: eal cep & : 
The results calculated by the aid of this formula coir incide 
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PROPOSAL MADE BY MR. MAYNTZ PETERSEN IN 

O COPENHAGEN ON THE ALTERNATION OF THEO 

METHODS OF TESTING RECOMMENDED BY THE 
IVth CONGRESS.* 


As it was seen at the tests made in the State Laboratory 
in Copenhagen, that the quantity of 0°40 kg cement — to be used 
in conformity with the Methods of Testing recommended by the 
IV th Congress 1906 — is. usually too small to fill the metal vessel, 
so that strucking off of the excess would be possible, it is proposed 
to limit diameter of the dimensions as follows: 


75 cm at the base 
8°5 cm at the top 
4°0 cm deep. 


Further it is proposed to replace the vessel by a ring for the 
purpose of removing more easily the hardened paste, therefore the 
wording of division c § 3 of the Method of testing hydraulic cements 
should be running as follows. 

“A conical ring, 75 cm in diameter at the base, 8°5 cm 
“at the top and 4 cm deep, is immediately filled with 
“the paste and the excess is struck off with the trowel, 
“pressure on the paste and agitation being avoided.“ 


*) Methods of Testing Metals and Alloys, Hydraulic Cements and Woods, 
Clay, Stoneware and Cement Pipes. London, E. & F. N. Spon Ltd, New-York, 
Spon & Chamberlain, 1907. 
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THESCONSEQUENCES 'OF THE USE OF 
MORTAR OF IMPROPER COMPOSITION, 


BY irror J-9\, ¥: d, Kloes, Delft, 


(Short abstract of the Report to be verbally submitted to the Congress.) 
Translated from the German original by A. R. Liddell, Charlottenburg. 


1. The International Association for Testing Materials has done 
much in the interests of Science and Industry, but comparatively 
little for Building Construction Practice. The author gladly seizes 
the opportunity of referring to a subject the neglect of which 
represents a great economic loss. 

2. The efflorescence of masonwork, the wall-rot, and the 
dampness of buildings all have a common origin: excess of lime 
in the hydraulic mortar accompanied by a deficiency in the quan- 
tity of the sand. These mistakes lead slowly but surely to the 
destruction of the costliest buildings. 

3. It is not right to set trass and Portland cement in juxta- 
position to one another as competitors. Each of these has its own 
Special task to perform and can often assist the other in its work 
in a highly useful manner. 

4. The phenomena relating to this matter are so striking, that 
no unbiassed observer can gainsay them. The author has studied 
them sufficiently to be able to avoid them with certainty, but the 
process has not been scientifically established. 

It is high time that the “International Association for Testing 
Materials“ included them in the sphere of its operations. 

5. Examples of bad work. 

6. Rules for the combination of trass with cement mortar. 
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Puzzolana 
Boot Fat Lime Lime aaee Portland [Teams Sand 
Lime Paste Cement Lime) 
Cement 


a) Mortars which are thoroughly water-proof, and which con- 
stantly remain under water. 
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b) Quay and Lock Walls etc, 
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c) Foundations and Buildings. 
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ON THE NEW GERMAN STANDARDS FOR 
THE UNIFORM DELIVERY AND TESTING OF 


PORTLAND CEMENT.®*) 


By Prof. M. Gary, Grof-Lichterfelde. 
(Translated from the German by A. R. Liddell, Charlottenburg.) 


On the 18th of October, 190%, at a specially convened 
General Meeting in Heidelberg, the Verein Deutscher Portland- 
zement-Fabrikanten completed the draft proposal for the new 
German standards, and handed it in to the ministries of the German 
Confederated States for approval. A special committee for the 
revision of the standards presided over by Director Dr. Muller, 
of Rudersdorf, has in the course of years of work made many 
thousands of experiments with the object of obtaining reliable 
bases for this discussion. In addition to the Konigliche Material- 
prufungsamt zu Grof-Lichterfelde West and the Laboratory of the 
Verein Deutscher Portlandzement-Fabrikanten, of Karlshorst, a 
large number of industrial works’ laboratories have taken part in 
the work, and their results, which have been put together in a 
perspicuous manner by the chairman of the committee, have given 
a clear picture of the behaviour of Portland cement under different 
methods of treatment. 

The new standards differ from the old ones in three im- 
portant particulars. 

1. The defining conception of Portland cement is supplemented; 
the chemical composition of the material is thereby taken into 
account. 


*) Prefatory observations in regard to the communications which the 
author proposes to make to the Congress, 
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2. The testing for tensile strength is given up; invits place 
the requirements of the standard mortar in regard to compression 
and the degree of fineness of the grinding of the Portland cement 
are considerably increased. 

3. As the properly determining standard test, the compression 
test on cubes is introduced, which is to extend to bodies of 
material which have lain for 1 day exposed to the air, and 6 days 
under water, and have been hardened by 21 days’ exposure to 
the air. As a preliminary trial, the test of cubes after 1 days 
hardening in moist air and 6 days’ immersion in water is introduced. 

1. While the conception of Portland cement defined in 
the old standards regards it as a product ,resulting from the 
burning of an intimately combined mixture composed of lime and 
argillaceous materials, as principal ingredients, till these form clinker 
and the subsequent pulverisation of the material to the fineness 
of flour, the chemical composition of the Portland cement is, in 
the new standards, set at not less than 1:7 parts by weight of 
lime to 1 part by weight of soluble silicica + alumina + oxide 
of iron and the production by means of fine and intimate mixing 
of the raw products, burning to clinker and grinding finely. 

To this flour, when required for special purposes, additions 
of not more than 8 per cent may be made. The proportion of 
magnesia may be 5 per cent at most, and that of sulphuric acid 
anhydride must not exceed 21/, per cent. 

These decisions remove all doubts as to whether certain 
cement mixtures may be termed Portland cements or not. On the 
basis of careful experiments lasting for years, the upper limit for 
the proportion of magnesia has been fixed at 5 per cent, after it 
has been established that up to this amount the material cannot 
produce disintegration in the clinkered Portland cement. In the 
same way it has been determined by careful experiment, that 21/, 
per cent of anhydride of sulphuric acid may be allowed to pass 
unchallenged, without disintegration being produced. After specially 
searching experiments, it has been established beyond doubt that 
cements with very low percentages of sulphuric acid do not 
deserve any sort of preference over others in which the percentage 
of sulphuric acid approaches the higher limit. 


2. It being a matter of experience, that it is not possible 
to draw conclusions from strength-results obtained with Portland 
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cements without sand-admixture in regard to the faculty of com- 
bination with sand, the testing of Portland cement in the mixture 
with the old well-tried standard sand from Freienwalde is retained, 
and, since in use the mortar is in the first line subjected to a 
compressive strain, and the compression strength can be deter- 
mined with the greatest degree of reliability, the compression tests 
alone are to be decisive. | 

From the results of the numerous comparative tests it was 
established in the “Konigliches Materialprufungsamt in Grof-Lichter- 
felde’’, that the reliability of the compression test is considerably 
greater than that of the tensile test. For a decisive test, however, 
only the most reliable tests that can be made should be permitted- 
tests that offer guarantee that, with careful work, concordant results 
will be obtained even in different places. In view of the reliability 
thus to be desired, the use of plastically moulded samples, such 
as have been recommended in several quarters, has been decided 
against. The old ramming method, with the Bohme hammer, which 
has for years proved satisfactory in Germany, has been retained. 


According to the new standards, Portland cement is to be 
ground so finely, that it only leaves a residue of 5 per cent on 
a sieve of 900 meshes to the cm?. The width of mesh of the sieve 
is to be 0.222 mm. 

Slow setting Portland cement with 8 parts by weight of 
standard sand to one of cement shall, after 7 days hardening, 
1 day in moist air and 6 days under water, attain a compressive 
strength of at least 120 kg per cm?; after a further hardening for 
21 days in air of 15—380 C.,- the compressive strength must be 
at least 250 kg per cm. In cases of contention only the test after 
28 days is to be applied. 

Portland cement that is intended for hydraulic engineering 
structures shall, after 28 days hardening, 1 day in moist air and 
27 days under water, show a compressive strength of at least 
200 kg per cm?. 

In the case of quick - setting Portland cements, the strength 
after 28 days is, in general, less than that given above. When, 
therefore, strength values are quoted, the time of setting is always 
to be mentioned as well. 

3. It was a matter of conviction, that, especially for the 
comparison of several cements with one another, the test with a 
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high proportion of sand was absolutely necessary; as a 
standard proportion, 3 parts by weight of sand to 1 part cement 
was: adopted. When, however, the useful work to be obtained 
from a Portland cement is to be determined, series of tests with a 
higher proportion of sand were recommended. 

The testing method agreed upon on the so-called combined 
hardening method (1 day air, 6 days water, 21 days air) 
accommodated to the conditions of everyday practice, since by 
far the largest proportion of Portland cement is used for building 
purposes. This system of testing was taken up as the outcome of 
many thousands of tests in the Konigliches Materialpriifungsamt, 
where it was established, by means of curves of frequency of the 
new and old water-hardening methods, that either could be 
used with equally reliable results. All endeavours to. discover a 
reliable method of testing for pure air-hardening have proved 
fruitless. It has become apparent, that warmth and moisture of 
the air and other local peculiarities influence the test. results 


obtained by air-hardening to such a degree that concordant values — 


at different places cannot be obtained, The old Prussian standards 


came into force on July 28th. 1887. They have served the German 


Portland cement industry as a guide for more than 20 years, and 
have been imitated in many civilized countries. It is to be expected 
that the new standards will perform their part in a still higher 
degree than the old ones in promoting the development of the 
industry and it would be in a high degree desirable, that other 
countries should join in the advance made by the German industry 
and make the highest possible requirements on the reliability of 
the testing methods. 
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XIX1 
ON TESTING AS APPLIED TO AUTOMOBILES. 
By Dr. W. Exner, Vienna.”) 


Communications in regard to existing testing establishments 
of this kind and their results. 

Programme for a state testing establishment for power vehicles. 

Conditions of competition for the Pd6tting prize for the 
creation of methods for the testing of cycle wheel tyres. 

Invitation for the submission of proposals for speed-limitation 
devices. 


XIX 2 
ON THE INTERNATIONAL REGULATION-BY- 


LAW OF TECHNICAL TESTING. 
By Dr. W. Exner, Vienna.*) 


Review of the older and more recent laws which bear upon 
particular branches of testing, such, for instance, as those relating 
to Gauging, Stamping, Portable Firearms, Adulteration of Food, 
Steam Boilers, Automobile-Responsibility, Duties on Articles of 
Consumption, etc. 

Legal definition of the nature of the certificates to be issued 
as public documents by the experimenting, investigating, testing, 
and experimental-trial conducting establishments. 

Regulations in the form of ministerial decrees relating to 
technical testing. 

Origin of the Austrian law (Lex Exner), relating to investi- 
gating, experimenting, and testing establishments, and proposals 
for an extension of the mentioned law by an international agreement. 


*) Outlines of a report to be verbally given at the Congress. 
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| XX 7 
BUSINESS REPORT FOR THE PERIOD FROM 
THE IV‘h TO THE V‘ CONGRESS. 


The Council, elected for the period from the [Vth until the 
Vth Congress, was formed at the Meeting held at Munich on 
Feb. 11th 1907. Its first resolution was the nomination of Dr. Franz 
Berger of Vienna as permanent member ofthe Council. The 
Council hoped by this honouring Dr. Berger, to express their 
thanks for his activity as well as to secure his further cooperation. 
The former Vice-presidents, Dr. A. Martens of Grof-Lichterfelde 
and Dr. N. Belelubsky Exc. of St. Petersburg, were unani- 
mously re-elected. | 


The present list of the Council (Appendix A) is somewhat 
different from that drawn up at the IVth Congress. 


By the death in October 1908 of Mr. Bennett H. Brough, 
Representative for Great Britain, the Association has experienced 
a most painful loss. Mr. Brough had succeeded in promoting the 
objects and interests of the Association in Great Britain, where their 
principles of unification had met with much opposition, His name 
will remain inseparably connected with the development of the 
Association. He has been replaced by Mr. G. C. Lloyd, Secretary 
to the Iron and Steel Institute, elected by British Members. 

Mr. J. O. Roos of Hjelmsater of Stockholm had willingly 
consented to act until the new elections in the place of Mr. G. 
Dillner, who has been prevented owing to great pressure of work. 

A new country, Luxemburg, is now being represented in 
the Council, and Mr. E. Bian, Director of the Forges d’Eich in 
Dommeldingen, has kindly untertaken the functions of a mandatory. 
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The resolution of the IVth Congress to elect a General 
Secretary has been carried out by the Council, through the 
nomination to that post of Mr. Ernst Reitler, former Secretary, 
whose extended sphere of activity has been defined in a Contract 
and in the Council rules. By the appointment of a General 
Secretary, who carries on the businees of the Association according 
to the directions of the President, stability and continuity in its 
management are secured. 

The Council assembled at Munich on the 11th and 12th Feb. 1907 
for the XVIth Meeting since the foundation of the Association, on 
the 11th April 1908 at Munich for the XVIIth, and on the 6th Feb. 1909 
at Frankfort on Main for the XVIIIth. | 

Their principal task was to make provision for the working 
plan of the Vth Congress, based on the resolutions of the IV th, 

A suggestion made by Professor H. Le Chatelier in a letter, 
addressed to Professor H. I. Hannover at Copenhagen, was success- 
fully turned to account in the resolutions of the Council. Mr. Le 
Chatelier had recommended, that provision be made for interesting 
discussions of the Sections of the next Congress, by proposing 
only a few important questions of universal interest for discussion. 
These subjects should induce parallel studies in different countries 
with mutual communications between the referees. Professor Le 
Chatelier, suggested as useful questions, the irregularity in 
the tests of strength of cements and mortars, and the remedying 
of the same, the resistance of metals under alternating stresses, 
the influence of high temperature on the mechanical properties of 
metals, and Brinell’s ball pressure tests of hardness. 

These proposals met with full approval on the part of the 
Council, and by the proposition of several Principal Questions 
which are of vital interest at the present day, starting points were 
given for discussion at the next Congress. For these Principal 
Questions contributions from the members of all coun- 
tries’ were solicited, and distinguished é€xperts *weee 
invited ‘to give a general review’ of the ‘state or sme 
respective subject as official referees and” personas 
to introduce the discussion at the Congress. 

The Principal Questions and the referees appointed by 
reason of the proposals of members of the Council or National 
Societies are as follows: 
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A. Metals. 

Metallography (Metallurgy, Alloys). Referee H. Professor 
E. Heyn, Grof-Lichterfelde. 

Hardness testing, Referee H. Dr. P. Ludwik, Vienna. 

Impact tests, Referee H. G. Charpy, Paris. 

Testing metals by alternating stresses (Referee ja 
E. J. Howard, Watertown Arsenal. 

Testing -of cast iron, Referee H. Dr. R. Moldenke, 
New-York. 

Influence of increased temperature on the mechanical 
qualities of metals, Referee H. Professor M. Rudeloff, Grofi- 
Lichterfelde. ' 


B. Cement, Stones, Concrete etc. 


Reinforced Concrete, Referee H. Professor J. Schule, 
Zurich. 

Progress in the methods of testing cement, Referee 
H. R.'Feret, Boulogne-sur-mer. 

Cement in sea water, Referees H. W. Czarnomski and 
A. Baykoff, St. Petersburg. 

Weathering resistance of building-stones, Referee 
H. Professor A. Hanisch, Vienna. 


C, Miscellaneous. 


Oils, Referee H. Dr. M. Albrecht, Hamburg. 
Caoutchouc, Referee H. E. Camerman, Brussels. 
Wood, Referee H. K. W. Hatt, Lafayette, Ind. 

Paints on metallic structures, Referees H. Prof. E. Heyn, 
GroB-Lichterfelde, and H. S. S. Voorhees, Washington. 

The proposition of the principal questions had the desired 
result, that a series of problems in testing materials in which 
interest centres at the present day have been dealt with indepen- 
dently of one another by competent experts of all countries. These 
monographs and the above official reports will form the basis of the 
discussions at the Congress. Thus a new international pro- 
cedure of dealing with certain problems has been formed» 
in place of the rather arduous task devolving on the 
Committees; at the same time, important lines of thought 
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were thereby given by* which discussion could) je 
successfully at the Vt" Congress. 

If the Council even justly anticipated any special result from 
the individual treatment of these questions, or parts of the same, 
it was an understood thing, that certain problems could still 
only be successfully treated by Committees in the same 
manner as hitherto. Such problems are those which aim at 
unification of testing methods or which in other directions touch 
on extensive spheres of interest everywhere, and in order to work 
them out, it is necessary that the referees should keep in touch 
with the influential circles of the various countries. 

A series of Committees might be invited to continue their 
work, with reference to the decision of the Congress. These 
Committees would deal with the following technical problems: 

1. International specifications for iron and steel for the 
drawing up of which a Sub-Committee of six members, from 
Great Britain, the United States of America and Germany, has 
been appointed (see Appendix B). | 

2. Investigation as to the homogeneity of iron and steel for 
purposes of acceptance. 

25." Castaron: | 

24. Uniform nomenclature of iron and steel. 

9. Rapid determining of strength of cements. 

11. Tests of Pouzzolanas in view of their value for ite 
mortars. 

7. Weathering qualities of stones. 

32. Consistency of volume. 

34. Nomenclature of bitumen. 

Likewise the Hungarian Association for reporting on the 
technical tasks. 

33. Influence of water and sand proportions on the etrenae 
of Roman Cement. 

To these were added, by reason of the decision of the 
Congress, the new Committees, the list of which is to be found 
in Appendix B, appointed to deal with the following problems: 

38. Specifications for copper. : 

30. Finest particles in Portland cement. 

41. Reinforced concrete. 

42. Tests of cement with prisms and standard sands. 

39. Oils. . 
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_ Lastly the appointment of referees for the problems.as follows. 
28. The magnetic and electric properties of. metals 
in connection with their mechanical testing. | 
40. Specifications for gypsum. 


The remaining problems on the list of the Association: 
4. Welding, 6. Polishing and etching for microscopic structure 
tests, 26. Notched bar tests, 27. Ball pressure tests, 36—37. Macro- 
scopic and microscopic structure investigations, 10. Adhesive 
qualities of hydraulic cements, 12. Time of setting, 31. Cement in 
seawater, could remain without special referees, their dealing with 
being secured by their belonging to the principal questions. 

The result of the lively participation of numerous referees 
in these principal questions, and the great activity of the 
Committees that have partly brought to their conclusion or have 
at least advanced considerably a series of important problems in 
a manner worthy of thanks, is evident in the list given in 
Appendix C of the Reports, laid before the Congress. This list 
conveys anideaatthe same time of the intense and many 
sided work, which is now-a-days devoted to the testing 
of materials in all civilised countries of the world. 

Besides the organising work of the Congress, the 
Council has devoted special care to the question of 
publication. 

The resolutions of the Bauschinger Conferences of the year 
1893 were the last results of international co-operation in the 
sphere of the testing of materials.. By the publication of the 
“Methods of testing Metals and Alloys, Hydraulic Cements 
and Woods, Clay, Stoneware and Cement Pipes* recommended 
by the IV‘* Congress which was placed on sale in three lan- 
guages in London and New-York, Leipsic, Vienna and Paris, the 
work undertaken by the Conferences was at length considerably 
furthered. By. the publication of the last “Congress Proceedings“ 
and of the report by Guillet, on the Model Laboratory, exhibited 
at Brussels, which showed modern methods of testing in their 
practical uses, but above all by the introduction of an official 
organ in three languages, viz the “Proceedings*%, the Council 
has kept all members informed of all the works of the Association, 
and by the publicity gained by the sale of this organ, has won new 
adherents and co-operators to the ideas of the ‘Association. 
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In the “Proceedings* the Council have tried to create a 
literary centre for all efforts in the branch of the study of materials. 
Besides the business communications of the- Association, the 
“Proceedings* will publish all Congress Papers and Congress 
discussions and a continual index of all publications in this branch, 
particularly in. the sphere of experience and experiments and in 
a more complete: manner than in any other excellent publication 
of this kind. In the working out of this index, the Council hope 
to gain in time the’ co-operation of all Laboratories in the world, 
in such a manner, as to place. at their disposal a-notice of their 
work in one of the three official languages. ie 

The great advantages which the Council endeavoured to offer 
all members of the Association, by sending them gratis all the 
Congress’ papers in one of the three official languages, placed a 
greater strain on the finance of the Association than its somewhat 
limited resources were able to. bear. At the Brussels Congress, 
and at the present one in Copenhagen, it was only through the 
generosity of the Organising Committee, that this difficulty 
was overcome in. a manner worthy of thanks. 

Under these circumstances the Council could not avoid ack 
ledging, that in the near future fresh resources must be thought of, in 
order to continue safely and successfully in the same way as heretofore. 


Receipts and Expenditures of the Head Cash Office (Francs) 


(S. Financial Returns, Appendix D) 
es ee 


1906 © 1907 1908 
; Expendi- : Expendi- ‘ Expendi- 
Receipts Bie Receipts | tures | Receipts tures 
Cash in hand on . 
January 1st. . . |/11.892°66 200°97 1.781°27 


Ordinary receipts 
and expenditures . |14.586°45) 9.678-02)14.003°86| 9.741:25|14.272 62 10,951°55 


Extraordinary re- 
ceipts and expendi- 


tures . ... . . |17.489°46/34.039°58) 5.261°55| 7.99386 68:33} 1.806°90 


(Subvention of the Or- 

| ganising, Committee in 

Brussels, Publishing the 

Congress Papers, Sun- 
. dries.) 


Batdnces jsiee tsa 200 97 


yell 3,313°77 
Total . _ |k3.918-57|48.918:57|19.466-88|19.466-38| 16,072 22 16.0722 
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The great success of the Brussels Congress, and the pros- 
pective scientific work of the coming one, which-have been made 
known by the ,Proceedings* to wider circles, have, occasioned a 
satisfactory increase of members in almost all countries. Sine c 
1906 the number of members has increased from 1906 to 2300. 
(S. Appendix E.) Thelist of the Societies and Public Bodies sub- 
ventioning the Association, with a total contribution of 4420 frcs. 
which forms about the fourth part of the regular income of the 
Association — also shows an increase — even though small. 
(S. Appendix F.) 

We regret to announce that the Association has sustained 
many a heavy loss in the ranks of its members in the period of 
time that has now elapsed. 

Besides the death of Mr. Bennett H. Brough, the, much 
esteemed member of the Council for Great Britain, already men- 
tioned, the Association also deplores the loss of Mr. J. Magery, 
and Mr. E. Roussel, who as Presidents of Sections at the last 
Congress, contributed to its success by their distinguished merits. 
By the death of Dr. H. Giessler the Association lost the inde- 
fatigable publisher of the Journal ,,Baumaterialienkunde“, who for 
12 years had formed a literary centre for the study of materials, 
and in whose journal the official communications of the Assaciation 
were to be found. The loss of such men, as Julius Thompsen 
who would have contributed the lustre of his name to the Copen- 
-hagen .Congress, of G, Cartaud and H. Wedding, has been 
mourned by the whole scientifie world. | 

The following list shows the names of those-men who be- 
longed tho the Association as distinguished co-operators and faith- 
ful members, and who have passed away since the last Congress. 
-Bocking F., Oberingenieur, Diisseldorf. 

Gietler, H:Dr:; Professor, Herausgeber der Baumaterialienkunde, 

Stuttgart. . 

Kintzlé F., Betriebsdirektor, Rote Erde bei Aachen. 

Peters Dr. Ing., Geheimer Baurat, Berlin. 

Wedding H., Dr., Professor, Geheimer Bergrat, Berlin. 

Kernot W. C., M. A. S. C. E., Melbourne. 

Rudschitzky C., Ingenieur, Witkowitz. 

Ackér. Paul, Prabhu en chefaide “Service de la Société John 

Cockerill, Seraing. 
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Coiseau Louis, Ingénieur Civil, Entrepreneur a Paris. 

Frenay Henri, Ingénieur, Directeur général de la Fabrique 
Nationale d’armes de Guerre a Herstal, Liége. 

Magéry Jules, Administrateur des Aciéries Rote Erde, Aachen 
a Namur. 


Roussel Ernest, Ingénieur, Directeur de i cenet des Chee 
de fer de Il’Etat Belge a Malines. 


Teller C. Ph., Professor der techn. Hochschule, Hellerup. . 


Bayer, Sous-Chef du Service des Approvisionnements aux chemins 
de fer de 1]’Etat. 


Cartaud G., Ingénieur chimiste, Boulogne s. Seine. 


Lejeune, Ingénieur au Service du Laboratoire et des Etudes de 
la Société J. et A. Pavin, Lafarge. 


Polonceau (R.), Ingénieur au Service du Matériel et de la Traction 
de la Compagnie des chemins de fer d’Orléans. : 


Quinette de Rochemont, Inspecteur général des Ponts et 
Chaussées en retraite. he 


Rouzet, Fabricant de ciment a Tours. 
Blackwell G. G., Liverpool. 


Brough Bennett H., Secretary to the Iron and Steel Institute 
London. 


Spencer J., W., Newcastle on Tyne. 


Gray Thomas, Professor of Dynamic Engineer, Rose Polytechnic 
Institute, Terre Haute, Ind. 


Leproux André, Directeur Général de la Compagnie ee du 
chemin de fer Portugais, Lisbonne. 


Juzarte Caldeira, Carlo Augusto, Colonel d’Artillerie, Directeur 
de la Manufacture d’armes de 1’Etat, Lisbonne. 


Perraudin A., Oberingenieur, Huta Bankowa (Russie). 
Lindberg Werner, Senator, Helsingfors. 

Stromberg G., Wirklicher Staatsrat, Helsingfors. 
Gugler K., Ingenieur, Ztirich. 

Ritter W., Dr, Professor, Ziirich. 


A glance at the period that has now elapsed shows us that 
a deeper sense of the importance of the testing of materials has 
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taken ground in all countries, and with this increasing acknow- 
ledgment, the importance of the International Association has 
also risen step by step. The foundation and the rapid development 
of the National Societies Italy, Austria, and Russia, which have 
occurred during this period, is the best proof for the vital energy, 
and the inward justification of ideas which the Association repre- 
sents. With the same self-sacrifice, as was shown by the small 
circle assembled round Bauschinger, the Association of to-day, 
comprising as it does, all civilised countries, pursues its endea- 
vours with a tendency to the unification and development of 
testing methods, and the more powerfully these ideas strike root 
in individual countries, the greater is the profit which accrues 
from the co-operation of all factors in the International Association 
all concerned. 


In the name of the Council: 


Ernst Reitler, Alex Foss, 
General-Secretary. President. 
scan 
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Appendix A. 


MEMBERS OF COUNCIL, AUGUST 1909. 


Permanent Member: 


Franz Berger, Dr. techn., k. k. Sektionschef im Ministerium fiir 6ffentliche 
Arbeiten, Stadtbaudirektor a. D., Wien. 


Council elected for the Period from the IV™ to 
the V‘ Congress. 3 


President: 


Alex. Fof}, Engineer, Machine-manufacturer of Copenhagen. 


Vice-Presidents : 


‘A. Martens, Dr. Ing., Professor, Geh. Ober-Reg.-Rat, Mitglied der kel. Akademie 
der Wissenschaften zu Berlin, Direktor des kgl, Materialpriifungs- 
amtes in Gr.-Lichterfelde, 

N. Belelubsky, Dr. Ing., Exc., conseiller privé, prof. em,, membre du conseil du 
genie au Ministére des voies de comm., directeur du Labor. méc. 
de l'Institut imp. des voies de comm., St. Pétersbourg. 


Council-Members: 


Austria: B. Kirsch, k. k. 0, 6. Professor und Vorstand des mech.-techn. 
Laboratoriums der technischen Hochschule, Wien. ~ 

Belgium: A. Greiner, directeur général de la Société John Cockerill, Seraing. 

Denmark: H. I. Hannover, Professor and Director of the Royal Government 
Testing Laboratory, Copenhagen. 

France: A. Mesnager, ingénieur en chef des ponts et chaussées, professeur et 
directeur des Laboratoires a l’Ecole des ponts et chaussées, Paris. 

Germany: A. Martens, see above. 

Great Britain: G. C. Lloyd, Secretary to the Iron and Steel Institute, London. 

Holland: L. Bienfait, Engineer, Co-proprietor of the Testing - Laboratory 
Koning & Bienfait, Amsterdam, 

Hungary: C. v. Banovits, Former Director of the R. State Railways, 
Budapest. 

Italy: J. Benetti, ingénieur, professeur et directeur de l’Ecole R. d’application 
pour les ingenieurs, Bologna, 

Norway: S. A. Lund, Head Engineer of the Norwegian State Railways, 
Christiania, 
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Roumania: M. C. Mironesco, inspecteur général, directeur de l’Ecole des 
ponts et chaussées, Bucarest. : 
Russia: N. Belelubsky, Exc. see above. 
Spain: J. Marva y Mayer, général du génie, Chef de Section au Ministére de q 
la Guerre, de l’Académie Royale des Sciences exactes, physiques og | 
naturelles, Madrid, ¥ 
Sweden: J. O. Roos af Hjelms&ter, Director of the Royal Testing Laboratory, — 
acting for the elected member Gunnar Dillner, Stockholm. ££ 
Switzerland: F. Schiile, Professor am eidgen, Polytechnikum, Direktor der @ 
eidgen. Materialpritifungsanstalt in Zurich. ce 
United States of America: Chas. B. Dudley, Chemist, Pennsylvania 
Railroad, Altoona, Pa. q 


Mandataries: 


Australia: W. H. Warren, M, Inst. C. E., M. Am, Soc. C. E., Challis Professor 
of Engineering, University of su aad ; 
Finland: A. Granfelt, Director of the State Railways, Helsingfors. a 
Luxenburg: E. Brian, Directeur des Usines de Dommeldange et des Forges 
d’Eich, Dommeldange. - 4 
Portugal: J. da P. Castanheiro das Neves, ingénieur, directeur des études 
et essais des matériaux de constrution, Lisbonne, a 
Servia: M. MilaSinovic, Former Vice-director of the R. State Railways of 
Servia, Belgrad. 
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COMMITTEES AND REFEREES APPOINTED 
SINCE THE IV“ CONGRESS FOR STUDYING 
“TECHNICAL PROBLEMS. 


Problem 1. 
Establishment of International Specifications for Iron and Steel. 
Subcommittee La. 
Chairman: v. Rieppel, Chairman of Committee 1. 
Representatives of Germany: 

Professor R. Stribeck, Essen-Ruhr; Direktor H. Vehling, 

Aachener Htittenverein, Rote. Erde bei Aachen. 
Representatives of Great Britain: 

F, W. Harbord, London; F. E. Robertson, London. 
Representatives of the United States of North America: 

Wm. R. Webster, Philadelphia, Penna; W. Wood, 
Philadelphia, Penna. 


Problem 28. 


The Utilisation of the Magnetic and Electric Properties of 
Metals in conducting Mechanical Tests. 
Reterees = Ay «Grunhut and “Drs: Wahn, Vienna, 
Prof. Dr. Pierre Weiss, Zurich, E. Rasch, Grof-Lichterfelde, 
J We isterline, Lafayette. 


Problem 38. 


The principles for specifications of copper are to be studied. 
(Proposed at the Brussels Congress 1906.) 


Chairman of the Commission: Léon Guillet, Paris. 

Members: C. Heckmann, Duisburg-Hochfeld; G. Selve, 
Altena i. W. (Germany); R. T. Glazebrook, Teddington near 
London; F. Tomlinson, Manchester; G. Guillemin, Paris; 


P. Breuil, Paris; Olgouine, Moscou; E. Wehrenfennig, Vienna, © 
Zugmayer jun., Waldegg (N.-Osterreich); G. E. Skinner, East 
Pittspure "nr. > Dilfer sianicago. 


Problem 30. 

Determination of the simplest method for the separation of 
the finest particles in Portland cement by liquid and air process. 
(Proposed at the Budapest Congress 1901.) 

Chairman of the Commission: M. Gary, Gr.-Lichterfelde. 

Members: A: Dyckerhoff, Biberich a. Rh.; K. G. Bamber, 
London; A Mesnager, Paris; R. Feret, Boulogne s/M.; Mayntz- 
Petersen, Copenhagen; Eidgenossische Materialprufungs- 
Anstalt (Laboratory for Testing Materials), Zurich. 
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Problem 40. 


Study of the unification of specifications for gypsum. (Proposed bf 
at the Brussels Congress 1906.) q 

Referees: Prof. Max Gary, Gr. -Lichterfelde; R. Feregam 
Boulogne-sur-mer. | a 
Problem 41. 


Investigations of reinforced concrete. (Proposed at the Brussels 
Congress 1906.) | 


Chairman of the Commission; Prof. F. Schule*), Zurich. 

Vice-Chairmen: W. Germelmann, Berlin; Prof. A. N. Talbot 
Urbana, IIl. , 

Members: W. H. Warren, Sydney; Paul Christoph, Brussels; 
E. Suenson, Copenhagen; T. Grut, Copenhagen; Alf. Huser,” 
Oberkassel (Germany); E. Zublin, Stra8burg.i. E. Germany)jae 
A. Martens, Gr.-Lichterfelde; Btirstenbinder, Hamburg; Edwin 
QO. Sachs, London; Max Clarke, London; W. Dunn, Londoa; — 
Prof. C. W..Unwin, London; A. Considére, Paris; Ch. Rabut 
Paris; A. Mesnager, Paris; k.:Feret, Boulogne; Mv Trigg 
Paris; S. J. Rutgers, Rotterdam; Silvio Canevazzi, Bologna;® 
Camillo Guidi, Turin; Claudio Segré, Rome; R. Norwegien 
Road-Department in Christiania; V. Brausewetter, Vienna; 
J. Melan, Prague; B. Kirsch, Vienna; F. v. Emperger, Viennajy 
N.. Belelubsky, St. Petersburg; Droujinine, St. Petersburg; _ 


*) Mr. A, Considere having resigned his functions. 
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Boguslawsky, St. Petersburg; Abramoff, St. Petersburg; R. Mail- 
lart, Zurich; Richard Zielinski (Szilard), Budapest; Josef Schustler, 
Budapest; A. Czako, Budapest; E. Turneaure, Wisconsin. 


Problem 42. 
Uniform tests of hydraulic cements by prisms and determi- 
nation of a standard sand. (Proposed ad the Brussels Congress 1906.) 


Chairman of the Commission: F. Schtile, Zurich. 

Members: Laboratoire des Ponts et Chaussées, Boulognes s/M. 
(R. Feret); Laboratoire des Ponts et Chaussées, Paris (A. Mes- 
nager, Mercier); Laboratoire du Conservatoire des Arts et Métiers, 
Paris (Leduc); Kgl. Material -Prifungsamt, Gr.-Lichterfelde 
(A. Martens, M. Gary); Laboratorium des Vereines deutscher 
Portland-Zementfabrikanten, Karlshorst bei Berlin (Framm); Eid- 
genossische Material-Prufungsanstalt, Zurich (Schule); Labora- 
toire meéc. de l'Institut Imp. des voies de comm., St. Petersburg 
(N. Belelubsky, Bogdansky); Mechanisch-technisches Labora- 
torium der technischen Hochschule, Wien (B. Kirsch); Danist. 
Government Testing Laboratoy in Copenhagen (Mayntz-Petersen); 
Ecole d’applications pour le Ingeniéurs, Bologna (S. Canevazzi); 
Laboratoire de l’Arsenal de 1]’Etat Belge. Malines (E. Camerman); 
Material - Prufungsanstalt von Bienfait & Koning, Amsterdam 
(L. Bienfait); Materials Testing Laboratory United States Geolo- 
gical Survey (Rich. L. Humphrey), Philadelphia, Pa. 


Problem 39. 
Study of the principles of specifications of oil for technical 
purposes. (Proposed at the Brussels Congress 1906.) 


Chairman. of the Commission: M. Albrecht, Hamburg. 

Vice-Chairman: E, Camerman, Malines (Belgium). 

Members: A. Jakobsen, Copenhagen; Holde, Gr.-Lichter- 
felde; Havald Buch, Christiania; R. T. Glazebrook, Teddington 
near London; P.Breuil, Paris; H.Baucke, Amsterdam; H.Cattaneo, 
Rome; J. Gro®Bmann, Wien; R. Kind, Aussig a. E. (Austria); 
Gebruder Sulzer, Winterthur; A. H. Gill, Boston; H. A. Julius, 
Midland Junction, Western Australia, 
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Appendix C : 


PAPERS PRESENTED TO THE V"™ CON- 
GRESS FOR TESTING MATERIALS IN 
COPENHAGEN. 


A. METALS. 
Metallography. 


I; Report on Progress made in Metallography from the Brussels Congress 
up to the Commencement of 1909. By Prof, E. Heyn, Grof-Lichterfelde. 

Iz Special Steels. By Prof. Léon Guillet, Paris, 

13 The Heat Treatment of Spring Steel. By Lawford H. Fry, Paris. 

I4 ’’Slag Enclosures’ in Steel. By Walter Rosenhain, B. A., D. Sc., Teddington, 


Hardness Testing. 


Il; Hardness Test. Official report by Dr. P. Ludwik, of Vienna. 

Il2 Simplified Ball-Hardness Testing Machine and Results obtained therewith. 
By Prof, A. Martens and E. Heyn, Gr.-Lichterfelde W, 

Ilg3 The Cone-Pressure Test for Determining the Hardness of Permanent 
Way Materials. By Dr. August Gefiner, Vienna. 

Il4 Investigations on the Brinell Method of determining Hardness. By Harold 
Moore, B, Sc., Woolwich Arsenal, England, 


Impact Tests. 


Ill; Official Report on Impact Tests of Metals. By G. Charpy, Montlugon. 

III2 On Notched-Bar Impact Bending Tests. By Prof. F. Schiile, in conjunction 
with Ed. Brunner, of Zirich, 

Ill3 The Definition of Resilience in Impact Tests. By Louis Révillon, Paris. 

Ill4 Impact Tests at variable Temperatures. By Prof. Léon Guillet and Louis 
Révillon, Paris. 

Ills Impact Tensile Tests. By Pierre Breuil, Paris, 

lll6 Application of Modern Testing Methods to Copper Alloys. By Prof. 
Léon Guillet and Louis Révillon, Paris. 

IlIl7 Comparative Static and Dynamic Notched-Bar Bending Tests. By Dr. 
A. Leon and Dr. P. Ludwik, Vienna. 

Illg Note on the Rupture of Normal Cylindrical Test Samples by Longi- 
tudinal Impact. By P. Wélikhow, Moscow. 

III9 On Piece Tests of Important Structural Parts. By O. Honigsberg, Vienna. 


Testing Metals by Alternating Stresses. 


IV; The Endurance of Steels to Repeated Alternate Stresses. By James 
E. Howard, Watertown, Mass., U. S. A. 

IV2 Quality Tests and Endurance Tests of Copper Wires. By Prof. F. Schiile 
and E. Brunner, Ziirich, 


Testing of Cast Iron. 


Vi Report in connection with the Tables of Results of Experiments on the 
Strength-Properties of Cast-Iron of various Sections taken from 
separately-cast samples and from samples cut out of castings. By 
Brothers Sulzer, Winterthur, Switzerland. 


Influence of Increased Temperature on the Mechanical Qualities 
of Metals. 
VI Official Report by Prof. M. Rudeloff, Grof-Lichterfelde W. 


Magnetic and Electric Properties of Materials in Connection 
with their Mechanical Testing. 


VII1 The Utilisation of the Magnetic and Electric Properties of Materials in 
conducting Mechanical Tests. Report by A. Griinhut and Dr. J. Wahn, 
Vienna. 

ViIl2 Ferromagnetism and the Study of Metals and Alloys. By Prof. Pierre 
Weiss, Ziirich. 

VII3 Method for Determinig Elastic Strength Limit by Means of Thermo- 
electric Measurements. By Ew. Rasch, Gr.-Lichterfelde, 

VIl4 Report by Prof, J, W. Esterline, Lafayette. 


Committees’ Reports. 


VIII; Establishment of International Specifications for Iron and Steel. Report 
of the Subcommittee Ia presented by the chairman of Committee I, Dr. Ing. 
A. Rieppel, Niirnberg. 

VIII2 On the Uniform Nomenclature of Iron and Steel. Report of Committee 24. 
Presented by Prof. Henry M. Howe, Chairman, New York, and Prof, 
Albert Sauveur, Secretary, Cambridge, Mass, 

VIIIzg On Standard Specifications for the Purchase of Copper. Report of the 
Copper Committee 38, by the Chairman Mr. Léon Guillet, Paris. 


Various reports. 


Vill4 A New Mirror Apparatus for Measurements of Elasticity. By Professor 
B. Kirsch, Vienna, 

VIII5 Not appeared, 

VIII¢6 Unification of Methods for Testing Steam, Gas and Water Pipes. By 
A, C. Karsten, Copenhagen. 

VIII7 Sparks as Indications of the Different Kinds of Steel. By Max Bermann, 
Budapest. 


Internal Strains. 


VIlIg On the Principles of “Technological Mechanics‘. By Dr. Paul Ludwik, 
Vienna, 

VIlI9 Internal Friction in Loaded Materials. By G. H. Gulliver, B. Sc., Edinburgh. 

VUI10 On irregular Strains due to Nonhomogeneity of Materials. By Dr, techn. 
A. Leon, Vienna, 

VIII41 Connection between the Permanent Sets caused by Traction and Com- 
pression. By Dr. William Misangyi, Budapest, 

VIIl12 Tenacity and Malleability. By Dr. William Misangyi, Budapest, 


B. CEMENT, STONES, CONCRETE. 


Reinforced Concrete. 


IX1 Report of the Committee on Reinforced Concrete. Presented by the 
Chairman of Committee No, 41, Prof. F. Schiile, Zurich, with the follo- 
wing appendices. 

a) Wissenschaftliche Versuche und Versuche zur Kontrolle der Bau- 
ausfiihrung auf dem Gebiete des Eisenbetonbaues in Deutschland. Mit- 
geteilt vom Deutschen Ausschuf fiir Eisenbeton, Berlin, 

b) Expériences et essais de controle sur le béton armé en Italie. Rapport 
de M, le prof. J. Benetti, Bologne, 

c) Eisenbetonversuche in Danemark. Mitgeteilt von Prof. E. Suenson, 
Kopenhagen. 


d) Versuche mit Eisenbeton-Konstruktionen in Holland. Mitgeteilt von 
S. J. Rutgers, Rotterdam. 
e) Recherches expérimentales sur le béton armé en Suisse. Rapport de 
M. ie prof, F. Schiile, Zurich. 
1X2 Reinforced Concrete Structures. Measure of the Deformations of Struc- 
tures under Service Conditions. Appendix to Committee Report 41 by 
Charles Rabut, Paris. 
IX3 Casualties in Reinforced Concrete Building. Appendix to Committee 
Report 41 by Dr. Fr. v, Emperger, Vienna. 
IX4 Influence of repeated Loading upon the Adhesion between Concrete and 
Iron, of bright, and of rusty surfaces. By Prof. Bernhard Kirsch, Vienna, 
IX5 The Influence of Small Sectioned Transverse Ties on the Strength of 
Concrete. System of Free Ties. By W. P. Nekrassow, St. Petersburg, 


Progress in the Methods of Testing. 


Xi Progress in the Methods of Testing Hydraulic Cements. Official report 
presented by R. Feret, Boulogne-sur-mer, 

X2 Uniform Tests of Hydraulic Cements by Means of Prisms. Standard Sand. 
Report of the Chairman of Committee 42 Prof, F. Schiile, Zurich, 

X3 On Accelerated Tests of the Constancy of Volume of Cements. Report 
presented by the Chairman of Committee 32, Bertram Blount, F, I, C., 
London. 

X4 On Rapid Methods for Determining the Strength of Hydraulic Cements. 
Committee-Report 9 presented by Dr. Fr. Berger, Vienna, 

Xs5 Note on the Rapid Testing of Cements treated with hot water. Appendix 
to report X4 by L. Deval, Paris. 

X6 On Rapid Methods for Determining the Strength of Hydraulic Cements. 
Appendix to report X4 by Alfred Greil, Vienna, 

X7 Determination of the Simplest Method for the Separation of the Finest 
Particles in Portland Cement by Liquid and Air Processes. Report of 
Committee 30, By Prof. M. Gary, Gr.-Lichterfelde. 

Xg Appendix to Report X7 by Mayntz Petersen, Copenhagen. 

X9 Unification of Specifications for Gypsum. By Prof. M, Gary, Gr.-Lichter- 
felde, and R. Feret, Boulogne-sur-mer 

X10 Testing Puzzolanas with the Object of Determining their Value for 
Mortars. By G. Herfeldt, Andernach, 

X11 On the Best Manner of determining the Commencement and the Time 
of Setting. Hardness Test, by H. Laborbe, Us. St, Germains near Beffes, 
France, 

X12 The setting of Roman and Portland Cement as paste, in mortars and 
concrete. By order of the Hungarian Society for Testing Materials, 
presented by Prof. Dr. Const. Zielinski, Budapest. 


Cement in Sea Water. 


XI, Experiments on the Decomposition of Mortars by Sulphate Waters. By 
J. Bied, Le Teil (Viviers, Ardeéche), 

XI2z On the Condition of the Cement Blocks in some of the Russian Ports 
in the Black and Caspian Seas. By W. Czarnomski, St. Petersburg. 

XIg The Use of Reinforced Concrete beside the Sea. By Prof. M. Moller, 
Brunswick, 

XI4 Cement in Sea Water. By A, Poulsen, Copenhagen. 


Weathering Resistance of Building Stones. 


XIl1 Wheathering Resistance of Building Stones. Committee-Report 7 by 
Prof. A, Hanisch, Vienna, with the following appendices, 

XIIl2 Schemes for Testing Natural Building Stones as to their Weatherproof 
Qualities. By Professor Dr, J. Hirschwald, Berlin. 

XIIg Relating to the Theory of the Influence of Frost on Natural Stones. 
By Prof, Dr. H. Seipp, Kattowitz, 

XII4 The Determination of the Gelivity of Stones. Report by E. Leduc, Paris. 


Various Reports. 


XIII; The Bonding of Layers of Mortar after Different Time Intervals. By 
Prof. B. Kirsch, Vienna, 

XIII2 Notes on Trase Trass-Cement and Cement-Lime mortars. By Dr. techn, 
Heinrich Renezeder, Vienna, 

X13 Contribution to Methods of Investigation into the Elastic Longitudinal 
Deformation of Concrete. By Dr. B. v. Bresztowsky, Budapest, 

XIUI4 The Consequences of the Use of Mortair of Improper Composition. 
By Prof, J. A. v. d. Kloes, Delft. *) 

XIII5 On the new German Standards for the Uniform Delivery and Testing 
of Portland-Cement. By M. Gary, Gr.-Lichterfelde.*) 

XIII6 On the Specific Heat of Refractory Materials at High Temperatures. 
By J. W, Mellor, Stoke-on-Trent, 


C. SUNDRIES. 


Oils. 
XIV; Official Report by Dr. M. Albrecht, Hamburg, 


Caoutchouc. 


XV Methods of Testing Caoutchouc. By E. Camerman, Brussels 

XV1 Mechanical Testing of Caoutchouc. By P. Breuil, Paris. 

XV2 Contribution to the Question of the Mechanical Testing of Soft Rubber. 
By K. Memmler and A. Schob, Gr.-Lichterfelde W. 


Wood. 


XVI4 Abstract of Report on the Present Status of Timber Tests in the Forest 
Service, United States Department of Agriculture, By Prof. William 
Kendrick Hatt, Lafayette, Ind., U. S. A, 


Paints on Metallic Structures. 


XVII; On the Corrosion of Iron in Water and Aqueous Solutions. By 
Prof. E. Heyn and Prof. O. Bauer, Gr.-Lichterfelde, 

XVII2 On Preservative Coatings for Iron and Steel. Résumé of Work done 
by the American Society for Testing Materials. Presented by §.S. Voorhees, 
Washington D. C, 

XVII3 A Study of Rust-Preventing Paints for Metal Structures. By Em. Camer- 
man, Brussels. 

XVII4 A Plea for International Investigation concerning Protective Coatings 
for Iron and Steel. By J. Cruickshank Smith, B. Sc., London, 


Papers. 
XVII; On repeated stresses on papers. By Prof. A. Rejté, Budapest, 


General Matters, 


XIX1 Testing in the Domain of Automobile Work. By Dr. W. Exner, Vienna. *) 
XIX2 On the international Regulation-By-Law of Technical Testing. By 
Dr, W. Exner, Vienna. *) 


*) Short abstract of the Report to be verbally submitted. 


| 
| 
} 


ble HL Appendix D. 


NS FOR THE YEARS 
AND 1908. 


Receipts 


. Cash in hand 


on 1st January: 


a) Head cash office 


b) In hands of Dele- 
gates 


il. Total receipts: 


a) through the Dele- 
gates and Man- 
dataries 


sub- 
and 


b) Regular 
scriptions 
subventions sent 
in direct to the 
Head cash office 


c) Extraordinary 
subventions and 
receipts of the 


Head cash office 


“— 


Total . 


Total-Receipts and Expenditures of the Association according to Table II and IL 


1906 1907 1908 
detailed | total detailed | total ae | total 
Francs Francs ee ies 
11.892 66 200-97 1.731:27 
1546-75. 718-68 _1.070°58 
18.439°41 919°65 2.80185 
16.112°48 | 16.984-14 16.904°64 
1,108:05 266°02 27428 
17.489°46 5.261°55 
34.709°99 e251171|  ——~| 17.247-25 
———— Oo : — 
—  |48.14940| —  |23.431°36] — | 20.049-10 


Expenditures 


1. Total-Expen- 
ditures 


a) Head cash office 
ceeetaoien lL 


b) Delegates and 


Mandataries see 
tapnle Tl 3. — 


ll. Cash in hand 


on 31st December 


a) Head cash office 


b) Delegates and 
Mandataries 


Total . 


Lableck 


48.149°40 


1906 1907 1908 
detailed | total | detailed | total | detailed | _ total 
Francs Francs Francs 
43.717-60 17.7351 12.758°45 
3.512°15 2.89440 2.39473 
47 .229°75 20.629'51 15.153:18 
20°97 1.73127 3.313°77 
_.| 71868 1.070°58 1.582°15 
919°65 | 2.801:85 4895-92 
= — |93.431:36] — | 20.049:10 
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total 


NS FOR THE YEARS 
AND 1908. 


NNACUSOOOWW> 


Se 


951°55 


Country 


Australia . 


Belgium 


IDysravaneneic > ay 4. 


Germany . 
Great Britain 


Finland 


France 


Holland 


ThA ee a ae 
Luxembourg 


Norway 


. . 


Austria .. 
Portugal 
Roumania’. 
Russia . 


. . 


Sweden .. 


Hungary 


Co ee Se ee ian eee Sma 


. . . . 


United States of America . 


pane 1906 —— == 0 Eee 2 aa 1908 ee 
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eb eae pe oe wire ri a ese int | Noein tage Office a 

Francs } 7 Francs —- 2 iFranes Bs 
Es |e 0) Se dl ete | epee 4528} 4528) 4528) —— | —— | 15750] 15780] 15750) —-— | —— 
—— | 48930) 482:30| 48030) 2—]| —— | 615—| G6i5—| 58150; 3850] —-— | 56250) 56250) 553—| 950; —— 

—— | 405—| 405—| 323382] 11196 ]—40°78 | 49553] 45475| 87586| 35:46] 4348 | 65819] 69662) 57456} 4459 | TTa7 

oe 92590 | 4.02544] 4.591°34| 3.375—| 1022-71 | 553-63 | 4.93412| 4.787-75| 8,625'—| 655718 | 50762 | 4.31581) 4.82343) 3.375—| 57185) 876% 
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Seen 59°83 81752| 87735) 20—| 15540| 1195 | 30996; sato1| 19593; 5416] 7182) 31752| 38034! 26250) 39-75| stn 
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50°36 | 31334] 363-70) 20834) 65:97 | 89°39 | 33166) 421:05| 277-77) 5750| 8578 | 29273] 37851} 27647| 2592) 7612 
ee ie 425-21 | 2.54121) 2.96642) 2.667---| 27529] 2413 | 2.45168] 247581] 1.785—| 426-40] 264-41 | 2505-71) 2.77012! 1.890-— 60523 | 97489 
1:30} 105—] 10630| 60—| 4360] 270 | 105—| 10770] 9750] 9°85 035! 105—| 10535) 8855/ 680] 10— 
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8350 65615) 68965) 58770} 98-55] = 840 | 67120) 67460} 525.—| 11217] 3743 68250) 69993 57665 9340 2988 
—_ D250; 122-50) 20:05 | = bp |e ae 2250| 2250| 2025| o95| —— 2250| 9250)  9a50| 195 | —12 
rn Tee —— | —— | —— | —— | -— | —— | 18750) 18750] 18750] —— | —— | 20250/ 20250! 20050) —— | 

Ls ee —— | 567— | 567—| 49770) 8069 | — 11°89 | 59682) 58543} 53760) 3879] 1404) 57444 58818) 462—| 3091) 9521) 

—'— | 2.00466 | 2:004°66/ 1.85511) 64955 | —— | 2.10962) 2.10962) 1.76385} 345-77] —-— | 9998-78| 2.299-78| 9178-06, 1192) —— | 

eed oe es ee eS t— 
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Receipts and Expenditures of the Delegates and Mandataries. 
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Appendix EF. 


NUMBER OF MEMBERS IN AUGUST. 


Argentine 
Australia , 
Austria 
Belgium 
Brasil 
Canada 
Chili 
Denmark . 
France . 
Germany . . 
Great Britain . 
Greece , 
Holland 
Hungary . 
Halves. . 
Japan 
Luxembourg 
Norway 
Portugal . 
Roumania 
Russia: . a 
(Pinland). . . 
Servia . 
Spain 
Sweden 
Switzerland 


1906 1909 


ah ey Rete oie 


United States of North America . 


4 1 

4 +7 
182 225 
66 82 
2 4. 

2 8 

ip 3 
51 199 
172 166 
351 375 
64 108 
— 1 
43 43 
76 89 
51 65 
i 1 

4 10 
al 50 
14 ri 
21 20 
362 '- 299 
(30) (33) 
3 3 
25 27 
53 61 
75 83 
241 290 
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Appendix F. 


LIST OF PUBLIC BODIES, 


Societies and Individuals, supporting the International 


Association. 


Kel. preuBisches Kriegsministerium, Berlin . 

Verein Deutscher Ingenieure, Berlin . 

Verein deutscher Eisenindustrieller, Berlin . 

Verein zur Beférderung des Gewerbefleifes, Berlin 

Verein deutscher Eisenhitittenleute, Dusseldorf 
Hohenlohe-Werke, A.-G., Hohenlohehttte, O, S. 

Verein deutscher Portland-Zementfabriken, Heidelberg 
Deutscher Verband fiir die Materialprufungen der Technik . 
Verband Deutscher Architekten- und Ingenieur-Vereine, Berlin 
Verein deutscher Chemiker, Mannheim 

Berliner Bezirks-Verein deutscher Ingenieure 

Deutscher Verein fiir Ton-, Zement- und Ee usttie, E. V.. Bale 


Verein der 6sterreichischen Zementfabrikanten, Wien 
Zentralverein der Bergwerksbesitzer Osterreichs, Wien . 
Niederésterreichischer Gewerbeverein, Wien : 
Osterreichischer Ingenieur- und Architektenverein, Wien ; 
Prager Eisenindustrie-Gesellschaft, Wien . 
Verein der Montan-Eisen- und Archana a aeetelien Wien 3 
Osterr. Alpine Montan-Gesellschaft, Wien NA ri 
Dampfkessel-Untersuchungs- und Prifungs- Pan ttale, Wien 

K. k, pr. 6. Bodenkreditanstalt, Wien A's AL 

K. k. Direktion fiir den Bau der Wasserstra6en, Wien 
Golleschauer Portlandzementfabriken, Wien 


Dansk Ingeniér-Forening in Kopenhagen . 
Tekniske Forening in Kopenhagen 


American Society for Testing Materials 


The Iron and Steel-Institute, London 
The British Fire Prevention Committee ... , 
F, Tomlinson, Manchester 


. 500 
. 100 
. 100 
. 100 
. 100 
. 100 


50 
50 
50 
30 
10 


50 
25 


. 100 


. 125 


63 
25 


Fres 


Hungarian Society for Testing Material, Budapest ..... . 


Administration Centrale des chemins ne fer de eee russe ay te 


Bureau des fabricants des ciments russes |). oy 
Bureau des Forges .... PRESSE GT At ho 
Administration du chemin de fer dea Perm ol 2) oe 
“ - o 92 pe Baskountschak .\) fee 
a EF o.  p. hii ae Rigen Orel anise 
Ae “ . ate » » Moscou-Koursk «qoneoRaiea 
a * yi. ao ® Ue Suds@vest1s fopte bie 
oe 5 * n. lige Polésslé.nyewacd oat Soe 
3 mm < ». om. p, Nikblasi? .aigol seal 
‘ . ‘ Bea Lp ‘Charkow-Nikobaett Py 6 
Jernkontoret, Stockholm. ">... ; a) eee 


Generaldirektion der Schweizerischen Bundesbahnen in Bern . 
Verein Schweizerischer Zementfabriken in Dittingen. .... .- 
Verein Schweizerischer Maschinenindustrieller, Zurich. . ... . 


Nima ON ra 
A {) ce 


BY-LAWS 
OF THE INTERNATIONAL ASSOCIA- 
O TION FOR TESTING MATERIALS. 0 


RESOLVED AT THE BUDAPEST CONGRESS 1901. AMENDED AT 
THE BRUSSELS CONGRESS 1906, AND AT THE COPENHAGEN 
CONGRESS. 1909. 


Sak 
S A 
The Association shall be called “The International Asso- 
ciation for Testing Materials“. 


§ 2. 

The objects of the Association are: the development and 
unification of standard methods of testing; the examination of the 
technically important properties of materials of construction and 
other materials of practical value and also the perfecting of 
apparatus used for this purpose. 

These objects will be furthered: 

1. By the Congresses and other meetings of the Association. 

2. By the publication of an official Journal. 

3. By any other means that may appear desirable. 


§ 3. 
The funds necessary for carrying out the purposes mentioned 
will be raised by 
. The annual subscriptions of members. 
. Profits from the official Journal. 
. Other contributions. 


b> Hb 


as 


S 4, 
Any person can become a member upon being proposed ‘by 
two members of the Association. 
Official bodies and technical societies can enter direct on 
their sending in their application for membership. 
Applications for membership must be sent in writing to 
the President or to a member of the Council. 3 
- Resignations of membership must also be sent in the same way. 


, § By 

‘Tt is the duty of every member to further the interests of the 
Society to the best of his ability. 

Every member is required pay an annual subscription of 
at least 8 Mks. = 8 shillings = 2 Dollars.) 

The Council is authorized to increase the shntial subscription 
in order to cover extraordinary expenses incurred in the interests 
of the Association. 


S 6. 
Every member has the right to obtain the “Proceedings* of 
the Association, during the period for which his subscription has 
been paid. | 


Bis 
The Association will hold a Congress, as a rule, every 
second year. 
The arrangements for the Congresses will be discussed in 
General Meetings and in meetings of the different sections. 
Sections will be formed for the different groups of materials 
as may be considered necessary. 


At present there are three sections: 

I. Metals. 7 

Il. Natural and artificial building stones, cements and mortars. 

II. Other materials of practical value. 

Any special questions relating to the subjects of the different 
sections will be considered at sectional meetings. 

The members assisting at the sectional debates, under the 
presidency of a member of the Council, will appoint the committees 
of the different sections. 3 i 

The results of the deliberations of the different sections must 
be communicated at a General Meeting which will pass resolutions 
embodying the proposals of the sections. 

Reports of Commissions, proposals of the Council and other 
matters te be laid before the Congress, will be printed in German, 
French and English, and will be sent (in the language preferred) 


1) Subscriptions are to be paid to the duly appointed collectors in each 
country, the card of membership serving as a receipt. Subscriptions not paid by 
the 1st of July are collected through the Post-office, 


to all members who have announced their intention of taking part 
in the Congress, within fourteen days before the meeting of the 
Congress, if possible. 

The decisions of the Congress will be printed in all three 
languages and sent to all members of the Association. 


8 8. 

The Council of the Association will transact all necessary 
business connected with the Association. 

The Council will consist of the President and the duly elected 
members. 

Every country represented in the Association by at least 
20 members has the right to elect one member. as member of 
the Council. 1 

“For those countries where the number of. members 
is under 20, the Council appoints a Mandatary who takes 
part in the Council’s Meeting with voting powers.“ 

The President will be elected by the Congress, the Council 
by the members belonging to the different countries. 

Till such election has taken place the former members of 
the Council remain in office. 

The names of proposed new members of the Council have 
to be communicated to the President before each Congress. 

_ The two Vice-Presidents will be elected by the Council from 
among its own members. 

The Council has the power to elect past Presidents as per- 
manent members of Council. 

The Council is entitled to transact business when it has 
been duly called together: according to rule and when the President 
or one of the Vice-Presidents is present. 

Retiring members of the Council are eligible for reelection. 


If a member of the Council resigns during his term of office, 
the President shall immediately direct the election of a successor 
by the members belonging to the country in question. 

In the event of the death or resignation of the President, the 
Council will appoint one of its members to carry on the presi- 
dential duties till the next Congress. 

The term of office of the Council lasts from one Congress 
till the next. 


8 2. 
The business of the Association will be attended to by a sala- 
ried General Secretary under the direction of the President. 
The members of the Council will attend to the business of 
the Association in the country which they represent. 


. : § 10. 

The resolutions’ of the Congresses on technical questions 
merely serve to express the opinion of the majority. They are 
therefore in the form of recommendations and are in no way 
binding. 

$ 11. 

The resolutions of the Congresses can only be carried if at 
least three fourths of the recorded votes are in favour of them. 
Every member of the Association present, as well as every 
representative of official bodies and technical societies has one vote. 

The rights and duties of a member of the Association are 
not altered by the fact of his belonging at the same time to a 
national or other Association, which Association is itself a member 
of the International Association. 


SED, 

The technical problems to be considered by the Association 
will be decided upon by the Congresses and by the Council, and 
will be duly referred to commissions. or referees appointed by 
the Council. 


8 18. 


The Council draws up its, own regulations according to the 
by-laws of the Association and to the needs which may from 
time to time present themselves. 


§ 14. 
In the event of the Association being dissolved, any funds 
belonging to it will be handed over to the “International Red Cross 
Association“. 


AGENDA OF THE XIX" COUNCIL’S MEETING, 


HELD IN THE TOWN HALL AT COPENHAGEN, SEPTEMBER 5th, 
6th AND 11th, 1909, 


1st Day of Meeting, Sept. 5 2. p. m. 


Members present: The President, Mr. A. Foss, 


Vice-presidents, Professor Dr. A. Martens, Gro8-Lichterfelde, 

His Excellency Professor Dr. Belelubsky, St. Petersburg. 
Permanent member of Council, Dr. Franz Berger, Vienna. 
Members elected, Prof. J. Benetti, Bologna, 

Mr. L. Bienfait, Amsterdam, 

Dr. Charles B. Dudley, Altoona, 

Meena rreiner, Seraing 

Prof. H. I. Hannover, Copenhagen, 

Pron 6. Kirsch, Vienna, 

Mr GC. Lioyd, London, 

Mr. S. A. Lund, Christiania, 

Prof. A. Mesnager, Paris, 

Mr. C. Mironesco, Bucharest, 

Prof. A, Rejt6, Budapest, 

Mr. J. O. Roos af Hjelmsater, Stockholm, 

Pio... ochules Zurich, 

The General-Secretary: Mr. E. Reitler. 


Accompanying Mr. A. Greiner: 
Mr. H. de Gorski, Seraing. 


The President welcomed the gentlemen assembled, thanking 
them for appearing in such large numbers, and expressing a wish for 


the good success of the Congress. He presented to the Council 
the King’s invitation to dine with him on Monday evening. 


Passing of Minutes of XVIII** Council’s Meeting. 


Minutes passed. 


Nomination of honorary presidents and secretaries. 


The President laid before the Council the following list of 
honorary presidents and honorary secretaries, which was to be 
submitted to Congress for ratification. 


Honorary Secretaries of the full Meeting. 


Colonel Brignon, Directeur des Ateliers de |’ Artillerie a Puteaux. 
Professor :P.» D, C. Kley. ofthe, Fechnical |} Collese=am eis 
G. C.-Lloyd, Secretary, lron and. Steel Institutes london, 

Baurat A. Greil, Leiter der stadt. Versuchsanstalt in Wien. 


Honorary Presidents. 
Section A (Metals). 

Germany: Wirkl. Geheimer Oberbaurat Dr. H. Zimmermann, 
Berlin. 

Belgium: Léon Thiriot, Chief Engineer, Director of the Belgian 
State Railways, Brussels. 

Great Britain: J; 0. Stead, Fi: 3. LO ReGmm 

France: H. Le Chatelier, Inspecteur général des Mines, Membre 
de l’Académie des Sciences, de l'Institut de France, Paris: 

Italy: St. Fadda, Ingénieur-Directeur des chemins de fer de1’Etat, 
Rome. 

Holland: J. Schroeder van der Kolk, Govt. Engineer, the Hague. 

Norway: /. &. Gunstensen, Director d. Technischen Lehranstalt, 
pone hiyem, 

Austria: His Excellency Geheimrat Sektionschef Dr. Wy/he/m 
Exner, Vienna. 

Switzerland: Julius Weber, President of the Swiss Locomotive 
Works, Winterthur. - ; 

Hungary: Geduly Gyula, Ministerialrat, Director of the Hungarian 
State Railways, Budapest. 
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Russia: His Excellency D. Tschernoff, Professor, St. Petersburg. 

United States: W.R. Webster, Consulting Engineer, Philadelphia. 

Sweden: Chief Engineer J. Brine//, Stockholm. 

Denmark: G@. A. Hagemann, Director of the Technical High 
School, Copenhagen. 

Honorary Presidents. 
Section B (Stone, Cements etc.). 

Germany: Geheimer Oberbaurat W. Germe/mann, Berlin. 

Belgium: Van Vo/som, Engineer, Brussels. 

Great Britain: Edwin O. Sachs, F. R. S., London. 

France: H. R. Feret, Directeur du Laboratoire des P. E. ox 
Boulogne-sur-mer. 

Italy: Claudio Segré, Ing., Director auprés des ch. d. f. de l'Etat, 
Rome. 

Holland: M. Haaymakers, Captain of the Corps of Engineers, 
the Hague. 

Norway: Professor J. H. L. Vogt, Christiania. 

Austria: Sektionschef Dr. Franz Berger, Vienna. 

Switzerland: Director Haas, President of the Swiss Association 
of Cement Manufacturers, Dittingen. 

Hungary: Hofrat Professor Désider Nagy, Budapest. 

Russia: W. Czarnomsky, Ingenieur, St. Petersburg. 

United States: Rich. L. Humphrey, Consulting Engineer, Phila- 
delphia. 

sweden: Axe/ Lindha/, Lieutenant Colonel, Stockholm. 

Denmark: #7. C. V. Moller, President of the Technical Society, 
Harbour Chief Constructor, Copenhagen. 


Honorary Presidents. 
Section C (Various Materials). 
Germany: Wirkl. Geheimer Oberbaurat Ve/th, Berlin. 
Belgium: £. Camermann, Chief of the Testing Department, Belgian 
State Railways, Brussels. 
Great Britain: J/. 7. Milton, Delegate of Lloyd’s Register of 
British & Foreign Shipping, London. 
France: F. Ce//erijer, Directeur du Laboratoire d’Essais du Conser- 
vatoire National des Arts et Métiers, Paris. 
Holland: A. J/. M. Stoffels, Government Director of Construction, 
the Hague, 
Norway: £. Simonsen, Chemical Expert, Christiania. 
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Austria: Heinrich Zweig, Chief Government Naval Architect, 
Vienna. 

Switzerland: Kel/er, Chief Enginer Swiss Federal Railways, Bern. 

Hungary: A. Grittner, Inspector of the Royal Hungarian State 
Railways, Budapest. 

Russia: Prof. A. Kroupsky, St. Petersburg. 

United States: Prof. W. K. Hatt, Civil Engineer, Lafayette, Ind. 

Denmark: Prof. N. G. Steenberg, President of the Danish se 
of Engineers, eae 


Honorary Secretaries. 
Section A (Metals). 

Germany: Professor Dr. EF. Meyer, Techn. High School, 
Charlottenburg. 

Belgium: A. Ga/opin, Sub-manager of the National Small Arms 
Pactory,. Liép-e. 

Grand Britain: Dr. W. Rosenhain, National Physical Laboratory, 
Teddington. 

Italy: F. Gio/tti, Dr., Prof., Turin Polyteehnikum. 

Holland: P. Maas Geesterann, Chief Engineer Dutch Railway Co., 
Amsterdam. 

Norway: Chr. Storm, Engineer, Trondhjem. 

Switzerland: Prof. Dr. P, We/®, Federal Politechnikum, Zurich. 

Hungary: Dr. W. Misangyi, Engineer, Budapest. 

Russia: His Excell. K/emm, Governor Councillor, St. Petersburg. 


Honorary Secretaries. 
Section B (Cements), 
Germany: Prof. Max Moé/ler, Techn. High School, Brunswick. 
Belgium: Mm. Hiertz, Chief of Blast Furnace Dep, Cockerill 
Works, Seraing. | 
Italy: G. Revere, Ingénieur, Professor, Milan. 
Holiand: J/. A. v. d. Kloes, Professor, Techn. High School, Delft. 
Norway: J. G. Lund, Professor, Trondhjem. 
Switzerland: R. Frey, Director Cement and Lime Works, 
Luterbach: 
Hungary: Dr. B. v. Brzesztovsky, Prof. Techn. High School, 
Budapest. 
Russia: Prof. P. Welikhoff, Engineer, Moscow. 
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Honorary Secretaries. 
Section C (Various Materials). 
Germany: Prof. Dr. Hinrichsen, Gro8-Lichterfelde. 
Belgium: #7. de Gorski, Engineer, Private Secretary to the 
Director of the Cockerill Works, Seraing. 
Hungary: Franz Just, Chief Engineer, Hungarian State Rail- 
way, GyOor. 
Norway: Joh. Gram, Dr., Chemist, Norwegian State Railways, 
Christiania. 
Russia: A. Bormann, Engineer, St. Petersburg. 


Members of Council who open the Sections: 


section A: Prof. Dr. A. Martens, Geheimrat, Gr.-Lichterfelde. 
Peer tol. Fy Schl e. Zunich, 
pant Toi A. Mesnager. Paris, 


Auditors of the Books: 


A. Granfelt, Director, Helsingfors. 
L. Bienfait, Engineer, Amsterdam. 
Ss. A. Lund, Engineer, Christiania. 


The following gentlemen are the Chairmen in charge of 
the sections: 


section A: O. F. A. Busse, Director of the Danish State Railways, 
Copenhagen. 

B: T. Grut, Captain, Copenhagen. 
,» ©: B. Munter, Commandeur, Copenhagen. 

The General Secretary stated that the number of papers 
sent in had considerably exceeded that anticipated at the XVIII‘ 
Council’s Meeting. In spite of several very considerable delays in 
their arrival, all the reports received for the Congress had been 
printed in time and despatched to the members, with the exception 
of a report by Mr. Tagueff in St. Peterburg, which arrived so 
late that it could not be printed and therefore could also not be 
submitted to the Congress. 


His Excellency Prof. Belelubsky gave notice of another 
delayed supplement to the report of the Reinforced Concrete 
Committee. 


Choice of the next Place for Congress. 


His Excellency Prof. Belelubsky stated that he was autho- 
rised by the Ministry for Internal Communication to announce 
that Russia desired the right of convening the VII Congress 
at St. Petersburg in the year 1913 or later. 

Mr. Ch. Dudley presented au invitation from the American 
Society for Testing Materials, numbering at the present time 1160 
members, to hold the VI" Congress of the International Association 
in 1912 in the United States of America, place and time to be 
settled later. As the Congress for Applied Chemistry was also to 
take place in the United States in 1912, and possibly a Meeting 
of the Iron and Steel Institute it was hoped that an agreement 
might be come to, as to the time of these three congresses, in 
order to facilitate the taking part in them all. 


The President offered his best thanks both for the invitation 
for the VI as also for that for the VII‘® Congress. 


After Mr. Dudley had, in reply to an. interrogation of 
Mr. Martens stated that the three Congresses would take place 
one after the other and not simultaneously, and, further, as near 
as possible to the end of August or at the beginning of September 
in Washington or New York, the further discussion of this question 
was postponed to the next day’s sitting. 


Debate upon increasing the income of the Association. 


President Foss referred to the successful publication of the 
Proceedings, and proposed an increase of the members subscription, 
in order to make it possible to continue the publication and 
distribution of the Proceedings free of cost in the manner begun 
under such favourable circumstances. 

Dr. Berger proposed an appeal to the Council’s members 
in order to obtain larger subventions from Associations and 
governments. 

Prof. Schule considered the increase of members’ sSub= 
scription not sufficiently efficacious, as it would be disagreeable to 
so many. He supported the proposal of Dr. Berger which should 
however receive further emphasis through a decision of the Congress. 

Dr. Dudley referred to the example of America, where the 
Association with its large expenses, had by a considerable increase 
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of the members’ subscription made itself entirely independent espe- 
cially of the influence of subvention paying Associations. 

Dr. Berger believed there was no heed to mn iear such an inde- 
pendence of the Association. 

His Excellency Prof. Belelubsky ea dividing the 
papers into official and non-official, and asking an extra sum for the 
postage without increasing the members’ subscription. 

President Foss advocated the increase to. 10 Fres. M. Martens 
and Bienfait supported that proposal. 

Prof. Mesnager advocated a supplementary payment for the 
Congress papers; he did not find it suitable to send these “papers 
to Congress members and to non-Congress members. 

Mr. Dudley recommended that the «Proceedings» should 
be sent to the members from time to time in order to. ‘keep up 
their interest in the Association. 

Prof. Rejto advocated an increase of subscription from 6 to 
8 sh, the council reserving the right of be a further increase 
for the Congress papers. 

The close of the debate and the drawing up of a- resolution 
was postponed till the following day. | 


ine General Secretary. brought -forward.-a_ letter from 
Mr. v. Banovits, in which he expressed his regret at. being 
obliged to lay down his functions as Council’s member on account 
of illness, and stated that the election had been unanimous fo1 
Prot tue} tO. 

Mr. Dillner stated in a letter that he was prevented, by 
urgent professional business, continuing his functions as member, 
and that Mr. of Roos had unanimously been elected in his place 

The resignations of the two gentlemen were received with 
much regret. 

Finally Messrs. Bienfait, Granfelt and Lund were 
requested to undertake the auditing of the books. 

Conclusion of meeting 5 o’clock. 


294 Day. Monday, 6 Sept., 11 a. m. 


President Foss in the Chair. Present as before. 
The President stated that Dr. Michaelis had informed 
him of his inability to be present at the Congress. 


A cn Caer 


Mr. Bienfait, in the name of the auditors, declared that the 
latter had audited the books for the years 1906 to 1908 and the 
current year, and had found correct the amount of cash in hand, 
K 3952°30 deposited in the Depositenbank in Vienna. He begged 
to express the opinion of the auditors that the books were kept 
in a manner deserving the utmost credit. (Approved.) 


Continuation of the debate on the increase of the members’ 
subscription. . 


The General Secretary read over the following suggestions 
proposed on the preceeding day: 


1. In consideration of the fact that the expenses of the 
Association have been largely increased by the publication and 
gratis distribution of the «Proceedings», by means of which how- 
ever the cause of Testing Materials has been considerably pro- 
moted, the Council has resolved to increase the annual subscription 
on the .15' January 1910 from fres, 7°50 to. ices sateen 


2. The Council reserves the right of taking still further 
measures in this direction in the Congress year. 


Prof. Benetti made the following proposition in order to 
improve the financial situation of the Association: 


1. Division of the members into 3 categories: 
a) Single members with an annual subscription of 5 marks. 
b) Technical Associations (with the exception of industrial 


and commercial Societies), with an annual subscription of 20 marks, 
and an official delegate with vote. 


c) Industrial and Commercial Societies with the subscription 
of 50 Mk., and a single delegate with vote. 


2. Only abstracts of reports, and other information prepared 
by the authors themselves, to be translated. The publications to be 
distributed in the original language, the abstracts in different 
languages according as required, 


3. Reduction of salaries and other expenses of the central 
office. 
Remark. The single members have a right to one copy each 


of the publications. The non-industrial Societies to 8 copies, the 
industrial Societies to 5 copies. 


The speaker supported his proposition in the course of a 
long speech by specially pointing out that the Associations, parti- 
cularly the industrial Associations, enjoyed the principal advantages 
of the work of the Association and were in a far better financial 
situation than the single members. 


Prof. Martens believed that these propositions would entail 
alterations in the Statutes and By-Laws, and regarded the suggestion 
as not feasible on account of the great difficulties as to the voting. 


Dr. Berger was of opinion that the organisation which the 
Association had adopted after long deliberation was not only the 
simplest, but had also proved itself generally successful. He re- 
garded the new proposal as ruin for the Association. 


After a long debate, the proposal to increase the 
members’ subscription, as given in paragraph 1, was 
unanimously adopted in preference to that of Professor 
Bennetti. The second paragraph was dropped. 

With regard to Professor Bennetti’s proposal, it was decided 
to submit the same to a future Council’s meeting for further 
consideration. 


Discussion on the choice of place and president for the 
next Congress. 


Professor Martens advocated the acceptance of the invitation 
to America, and proposed Dr. Dudley as President. 


Dr. Dudley expressed his thanks for the honour done him 
and recommended Prof. Martens as President; it being however 
pointed out to him that the President is chosen from the country 
where the Congress is held, he mentioned Professor Howe as most 
- worthy of the office, but declared himself willing to accept the 
position of honour if desired. 


Professor Benetti expressed anxiety as to the success of 
the Congress, the principles for the testing of materials in America 
being different from those in Europe, and the Americans preferring 
in this domain to act independently. 

The President regarded this circumstance as only another 
reason for holding the congress in America. 

Mr. Dudley assured the meeting that much interest was 
taken in America in the international unification of methods, and 


if the Americans had hitherto gone their own way, the reason was 
to be found on the one hand in the great distance from Europe, 
and on the other in the fact that this proceeding seemed to be 
the best means for developing the science of Testing Materials in 
America itself. 

Dr. Berger again pointed out that it was necessary to hold 

the Congress in the beginning of September. 

Dr. Dudley expressed a hope that an arrangement with regard 
to this point would be agreed upon with the Iron and Steel 
Institute, so that the Congress could be held in the autumn. With 
the members of the Chemistry Congress lone had as yet been 
settled upon. 

It was resolved to propose. to the Congress that the 
VI Congress should, on the invitation of the American 
Society, be: held in America in 1912, and that Dr: Charles 
B. Dudley should be elected President of the Association. 

As regards the Russian invitation it was resolved to submit 
the following proposal to the Congress. 

,»the Congress has received with much gratitude 
and good will the invitation of the Russian Government 
conveyed by Professor Belelubsky, and will willingly 
accept the said.inyvitatron= 

In conclusion the Council resolved that Prof. Schtile should 
officially convey the congratulations of the Council to Professor 
Dr. Lunge of Zurich on the occasion of his 70‘ birthday. 


Close of meeting 12. 30. p. m. 


3' Day of Meeting, Saturday, September 11 1909. - 

Beginning at 9 a. m. 

Place and members present as before. | 

The President read out the following proposals to be 
submitted to the Congress. 


“In consideration of the great importance of the work of the 
International Association for Testing Materials for the public 


security and in consideration of the necessity making their work 
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as widely known as possible and of placing the finances of the 
Association upon a more satisfactory basis, the Congress decides 
to authorize the Council to call the attention of governments, 
public bodies and scientific and industrial undertakings to the 
work of the International Association and to induce them to 
manifest their interest therein by giving financial support. 
(Agreed to.) 
The Congress decides to hold the VI Congress at the 
invitation of the American Society for Testing Materials in- the 
United States of America in Autumn 1912, and to elect Dr. Charles 
B. Dudley President of the International Association. 
(Agreed to.) 
The Congress accepts with warm thanks the invitation of 
the Russian Government presented by His Exc. Prof. Belelubsky 
to hold the VII Congress in St. Petersburg. (Agreed to.) 


The President read the resolution passed by the Council as 
to the increased members subscription to 8 sh (# 2.—) and announced 
that he would bring it to the knowledge of the Congress. 

(Agreed to.) 


He then proposed to submit to the Congress the following 
alterations of the By-Laws: 


In § 6 the words “on paying the fixed reduced price“ and 
the foot-note in connection with the same are to be scratched 
out, owing to the fact that the ,, Baumaterialienkunde* has ceased to 
appear and that the Council publish their own journal the *Pro- 
ceedings“, (Agreed to.) 

After this the resolutions passed by Sections A, B and C 
were read out to be submitted to the Congress. 


Metals. 


Metallography. 


In pursuance of the communication of Mr. Rosenhain in 
Which is emphasised the importance of the question of slag en- 
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closures in metallurgical products the Congress recommends the 
appointment of a Commission for the purpose of studying methods 
for determining the enclosures, their influence upon the mechanical 
properties of metallurgical products and for the study of this question 
in the whole. 


Hardness Tests. 


The Congress requests that the Council shall arrange that at 
the next congress in conjunction with the problem of the deter- 
mination of hardness by ball or cone pressure-tests, the investigation 
of uniform tests for the resistance of materials to mechanical 
wear be reported upon, and that they consider the advisability of 
referring the problem to a committee. 


Impact Tests. 


A. In order to facilitate the comparison of results of impact 
bending tests on notched bars the Congress recommends the use 
of following rules, unless prevented by special circumstances. 


1. The notched bar impact test permits the determination of 
the specific work of rupture or resilience referred to the sq. centi- 
meter of the notched section. 


2. a) The bars cut to sufficient length have the following 
dimensions: 30X30X160 mm. They are notched to a depht of 
15 mm. The bottom of the notch bar is cylindrical of 2 mm radius. 


b) For rolled materials such as plates, the bars have the same 
thickness as the plate, the surface of which are preserved and a 
width of 830 mm. They are notched to a depth of 15 mm. The 
notch is perpendicular to the surface of rolling and has a cylin- 
drical bottom of a radius of 2 mm. 


c) For pieces which do not permit the use of bars 30X30 mm 
in section the bars are 10X10. They are notched to a depth of 
omm. The bottom of the notch is cylindrical with a radius of ?/, mm. 


d) The size of the bars used is always to be recorded. 

3. The bars are tested by bending and receive at their centre 
upon the side opposite to the notch the impact of the drop weight 
with a knife’s edge rounded to a radius of 2 mm. They rest on 
knife edges spaced 120 mm apart in the case of types a) and b) 
and 40 in the case of type c). 
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4. The rupture of the bar shall be effected by a single blow 
by means of an apparatus which enaples the work absorbed by 
the rupture to be measured. 


5. The temperature should be as nearly as possible between 
15 and 25 degrees C. and in all cases shall be noted with the 
results of the tests. 


B. The Congress recommends that a Committee be appointed 
to collate all the results which permit the establishment of connection 
between the properties manifested under the tests and the behaviour 
of the pieces in service and that this committee also study the 
comparison of the various apparatus. 


Alternating Stresses, 


The Congress takes note of the reports presented and ex- 
presses their best thanks for them. 


Cast Iron. 


The Congress recommends to refer the problem of methods 
for testing cast iron (dealt with by Committee 25) to Committee I. 


Influence of increased Temperature on Mechanical Qualities 
of Metals. 


The Congress takes note of the excellent report of Professor 
Rudeloff and expresses him their warmest thanks. 


Electric and Magnetic Properties in Testing Metals. 


The Congress recommends the nomination of a committee 
for studying the use of the electrical and magnetical properties of 
metals for testing metals. 


International Specifications for Iron and Steel. 


The Vth International Congress welcomes the work of the 
Sub Committee Ia with pleasure and approves in general the 
principles laid down in the Congress report VIII, and decides: 
Committee I and Sub Committee Ia are invited to continue their 
valuable labours in cooperation with the National Societies and if 
possible to lay before the VIth Congress definite proposals as to 
the basis of International specifications for iron and steel. 
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Pig Iron. 


For the purpose of defining more accurately the quality of 
Pig Iron than is possible by the present method of grading by 
fracture appearance, the Congress recommends that Committee I 
(Sub Committee Ia) be instructed to inquire in the various countries 
concerned as to how far specification on analysis may be usefully 
substituted for the present method of grading by fracture appearance 
and that they be authorised to take such steps as they PAA deem 
advisable to give effect to this resolution. 


Nomenclature of Iron and Steel. 


The Congress takes note of the report of Committee 24 upon 
Nomenclature of iron and steel and expresses their warmest thanks 
to this Committee for their work. They recommend that the com- 
mittee remain in function and that they prepare for the next con- 
gress a revision of their proposals for uniform nomenclature taking 
account of the further progress in metallurgy and of any suggestion 
which may be received from the National Societies for Testing 
Materials. The Congress approves the list of definitions of structure 
constituents of steel presented by Prof. H. Le Chatelier. 


Specifications for Copper. 


The Congress expresses their best thanks of the work of the 
Committee on Copper and approves the proposal of the Committee 
to extend the scope of their work and include the study of speci- 
fications for copper alloys. 


Standards for Wrought Iron Pipes. 


The Congress takes note with thanks of the valuable report 
of Mr. Karsten on the specifications for wrought Iron Pipes and 
refers it to Committee I for examination and laying a report to 
the next Congress excluded the thread question. 


Cement, Stones, Concrete. 


Reinforced concrete. 


The Congress thanks the Committee 41 for the work already 
done and invites them to continue upon the plan described by 
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Prof. Schule, and expresses the wish that the Committee be sup- 
ported financially by the competent institutions and authorities. 


Testing Cements by Prisms. 


The Congress thanks Committee 42 for the work already 
performed and recommends to continue their investigations on the 
same lines with due consideration of the results obtained by the 
Hungarian committee, to wich the Congress expresses their warmest 
thanks. The Congress expects that the Committee will be able to 
proprose to the next congress a definite method of using plastic 
mortars for the testing of cement. 


Constancy of Volume. 


The Congress decides to recommend the method of Le 
Chatelier as the standard accelerated test for the constancy of 
volume of cements °). 


Accelerated Test of the Strength of Cements. 


The numerous hot-water test-results given are in fact so 
contradictory, that this test appears too unreliable to admit of its 
being employed for rapid tests made to determine the strength of 
hydraulic cements. 

Under these circumstances, the Congress does not recommend 
further pursuing the question of the appyicability of the hot-water 
test for rapid tests of the strength of hydraulic cements. 

On the other hand the experiments of Mr. Deval have once 
more demonstrated how valuable this test can be for information 
as to the constancy of volume. 


Finest particles in Cement. 


The Congress begs Committee 30 to continue their work on 
the adopted lines and to report on the results at the next Congress. 


Methods recommended by the IVth Congress. 


The Congress alters § 8.c about the methods recommended 
at the Brussels Congress for cement to run as follows: 


1) Adopted with the reservation of Congressists from Germany. 
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A conical ring 7,5 cm in diameter at the base, 8,5 cm at the 
top and 4cm deep placed on a glass plate, is immediately filled 
with the paste, and the excess is struck off with the trowel, pressure 
on the paste and agitation being avoided. 


Gypsum. 


The Congress resolves to leave the question of specification 
for Gypsum to the next congress. 


Puzzolana. 


The Congress leaves the question of the testing of Puzzolanas 
to the next congress, 


Standard Sand. 


A Committee is appointed to investigate, whether or not an 
international standard sand be possible, and if not to secure infor- 
mation showing the comparative value of the different national 
standard sands). 


Cement in sea water. 


The Congress recommends the appointment of asmall committee. 

a) to obtain by December 1910 any additional information or 
supplements to the reports presented at the Congress of Copen- 
hagen, they may require, 

b) to summarize these reports and supplements and present 
the summary of results in a brief form to the next congress, 

c) to collect information on the effect of seawater on Portland 
cement sea structures of more than 25 years standing, 

d) to arrange for certain tests (proposed by Mr. Leduc) on 
the effect of sea water on specially prepared cement. 


Weather Resistance of Building Stones. 


A committee is to be formed for the purpose of investigating 
the influence of the mortar composition and the quality of the 
building stone on the weather resistance of the masonry. 


1) Committee 42 is entrusted with studying this matter, 


Mb 


Sundries. 
Wood. 


The Congress recommends to appoint a committee on wood 
testing which has to communicate with the national societies 
existing in different countries. This committee has especially to 
examine the desirability of making wood tests on larger pieces 
containing defects or variations in structural form instead of limiting 
the tests to small perfect pieces. 


Paints. 
(Proposal by Mr. Decamps.) 


The question of galvanisation not yet having been studied 
in the reports, the Congress desires to have researches made as 
to galvanisation and even to tin coating. 


(Proposal by Mr. Miinter.) 


The Congress considers it highly desirable that special attention 
be given to the question of keeping clean the bottom of iron and 
steel ships, and charges the Council to have this most important 
question investigated. 


Dr. Berger proposed to bestow upon Mr. Foss — now 
resigning his functions as President — the highest honour in the 
power of the Association, namely to elect him Permanent Member 
of the Council. In view of the great services rendered by Mr. Foss, 
as regards the complete success of the Congress, the speaker did 
not think it necessary to add anything further in support of this 
motion. _ (Agreed to with loud applause.) 


Mr. Foss thanked for this unlooked-for honour and assured 
the Meeting that he would always have the interests of the Asso- 
ciation at heart. 

Dr. Dudley begged Prof. Martens, as 1st Vice-President of 
the Association, to convene and preside at the next Council’s Meeting 
in his place, he being unable to come to Europe. 

Prof. Martens agreed and proposed to convene the Meeting 
in the beginning of February. (Agreed to.) 

After this, Meeting closed 10 a. m. 
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V2 
ON UNIFORM METHODS OF TESTING CAST 


IRON. 


Official report presented by Dr. R. Moldenke, New York, chairman 
of Committee 25. 


The Commission to establish uniform methods of testing 
cast iron and finished castings, begs to report that since the 
Brussels Congress considerable attention has been given to the 
subject of testing cast iron in various countries, and that as the 
nature of this material becomes better known, there is greater 
likelihood of a basis of agreement upon the methods of testing to 
be used, being arrived at eventually. 


Elaborate tests have been made in Germany, which in the 
main agree with those carried out some years ago in the United 
States, and as a consequence, the three sizes of test bars speci- 
fied, have been replaced by a single one. This is very important, 
as it shows an agreement with the American tendency to treat 
Cast Iron from an entirely different standpoint than steel, or other 
metals. 

It is a well known fact that no material that we know of 
shows such a lack of homogeneity, or such a range of varieties 
from widely differing extremes in physical characteristics, as Cast 
Iron. Consequently a very painstaking and elaborate series of investi- 
gations of a National character helps to bring this condition of 
affairs home very closely to those who test and use iron castings. 
The published results of one Nation do not seem to carry the 
weight, they might be expected to have, in other countries. Every 
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Society or national body of engineers appears to have to dig this 
information out for itself, and perhaps after all this may be the 
best. in the end. 

It is with pleasure therefore that we can report, that in view 
of the evident impossibility of obtaining actual strengths existing 
in the several parts of a casting, by means of tests bars either 
loose or attached, the results of the most recent investigations of 
Germany and the United States confirm the desirability of judging 
castings by the quality of the metal and its suitability for the 
purpose. This is shown by a standard test bar, cast under the 
most perfect conditions possible, so that possible influences of 
manipulation may be excluded, and the metal used for the work 
is given full opportunity to show its intrinsic value. Naturally 
where it is possible to test the castings themselves, this is resorted 
to, as witness the specifications for American Car Wheels. Again, 
even with perfect metal, as shown by a standard test bar, improper 
shop conditions may spoil the work. Yet on the whole, experience, 
as based on thorough investigation, has shown the value of 
knowing exactly what the metal is that goes into the castings, 
rather than attempting to attach coupons or place test bar patterns 
of various kinds into the moulds themselves. 


Perhaps the nearest approach to the latter has been obtained 
by the use of hollow prisms or cylinders with the same metal, 
and the planing out of test strips from the walls. You will have 
a separate repport before the congress on this very point. In the 
United States cylinders from which test bars were cut have 
been used for a long time, and are still employed in the case of 
munitions of war. As the cylinders have the same thickness as 
the projectiles, it practically becomes the taking of a piece of the 
casting to see how strong it is. 

The German and American test bar is of practically the same 
diameter, and is cast under nearly the same conditions, differing 
only in the manner of pouring, and the fact that the German bar 
is twice as long. Denmark still makes use of the very long bar, 
loaded gradually at the centre until a maximum called for has 
been reached. This method was formerly much used in the 
United States, but found too elaborate for commercial conditions. 
Italy makes use of a very short bar, heavily loaded. It is 
interesting to note that the one foot bar of the United States is 
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half way between the Italian and the German test pieces. Italy 
further specifies a drop test on its bar, which is of interest. Den- 
mark requires a hammer test for softness and absence of brittleness. 
Germany leaves out a tensile test. America makes it optional, 
and Italy includes it in the specifications. 

Regarding the testing of castings, it may be said that cast 
iron pipe takes a prominent place, a number of countries having 
specifications for this important branch of the casting industry. 
The international character of the business is bringing much thought 
to bear on simplifying the several specifications, so that greater 
uniformity may result between the several countries that ship 
pipe abroad. 

Perhaps, however, the easiest point for agreement between 
the countries specifying for cast iron products, might be found in 
the basis of the whole industry, namely in Foundry Pig Iron. The 
American members are presenting to this Congress the specifications 
newly adopted by that country, after long study and discussion, 
from which there willbe seen that every possibility of chance has 
been eliminated, and a carefully divided range for every element 
with its variation to be allowed, is given. Perhaps a study of 
these specifications by the various countries may lead to suggestions 
and modifications which will result in an International set of 
Specifications for Foundry Pig Iron which will facilitate the pur- 
chase and sale of foundry pig iron the world over. 

The Committee therefore reports progress, considering the 
complexity of the subject, and the comparative youth of the art 
of testing cast iron. | 
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Sub-Committee Ia. 


International Specifications for Iron and Steel. 


Provisorily. 


CAST IRON, 


Comparative Summary of Specifications for Germany and 
United States of America based on the following data: 


1. Specification for Cast Iron of the “Deutscher Verband 
fur die Materialprufungen der Technik“. Adopted Sept. 1908. 
(Excepted Cast Iron Pipes No. 40.) 

2. Standard specifications for Cast Iron Pipe and Special 


Castings of the “American Society for Testing Materials“. 
Adopted 1905. 
3. Standard specifications for Foundry Pig Iron of the 
“American Society for Testing Materials“ revised 1909. 
4. Standard specifications for Locomotive Cylinders of the 
“American Society for Testing Materials“. Adopted 1905. 
5. Standard specifications for Gray Iron Castings of the 


“American Society for Testing Materials“. Adopted 
sept. 1% 1905. 
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- United States of 


Lo] ae 


Fou 


Sub-Committee la. 


No. of specimen bars 


Size ofspecimen bars, 


Load. 


Bending strength. 


Speed of testing. 


b) Tensile Test, 


c) Hydrostatic 
Test 
Height of pressure 


Duration of hydro- 
static test. 


Hammer test. 


15. Permissible 
Variations. 
Thickness. 


Engine — 


Required deflection. 


Distance of supports. 


EE ST S| 


Jnited Sta 


Ordinary 


Length: 2: 
Diao) 


1090 Ibs.., 
(495 kg) % 


sq. in. 
173/14 tons. 
(28 kg/mm? 


At least... 
9/90! (Tam less, 


length in an 
Itin excess) 


ly greater tha 


Sub-Committee la. 


11. Checking. 


12. Chemical 
Analysis, 


13. Chemical 
Composition. 


14.PhysicalTests. 
a) Bending test. 
Manner of testing. 


Manufacture of spe- 
cimen bar. 


Germany 


Specifications for Cast Iron. 


United States of America 


Engine Castings 


Pipe Castings 


i ; Castings for Building | 

Ordi ee 6 , BS (Socket pipes for Gas and Water piping. Flan- | 

rdinary ensile and Pillars ged pipes for Gas, Water and Steam piping. | 
Strength | Appertaining Specials.) 


Adherence to speci- 
fied thickness is pro- 
ved by boring. at 
suitable spotsin each 
instance of 2 oppo- 
site points, in the 
case of pillars cast 
horizontally, in the 
direction correspon- 
ding to the possible 
sag of the core, 


In the event of the specimen bars having to be cast for some reason or other in 
divided molds, the specimen bar is to be put upon the testing machine in such a 
way that the pressure is effected at right angles to the plane of the seam, The 
specimen bar shall be subjected to the test in an unfinished condition, i. e, with casting 
skin. The bending strength and the deflection are determined by gradually increased 
loads centrally applied to the specimen bar. Defective specimen bars are not con- 
sidered in such determination. The average of the results obtained by faultless 
specimen bars represents the authoritative figure, 


Length of casting 2519/,.‘‘ (650 mm). In case the specimen bars are cast on the 

casting, special arrangements have to be made. The specimen bars are to be made 

from the same heat or run which was used for manufacturing the castings, in dry 

and, as far as possible, undivided molds, at rising casting (bei steigendem Gu), and 

at mean casting temperature of the cast iron. Test bar shall not be removed from 
the mold until cold. 


The sockets and spigots will be tested by circular gauges. 


Foundry Pig Iron 


Recommended. 


Silicon: from 1°00 
to 3°509/,. 
Sulphur: from 
0:04 to 0°1°/) 
Total Carbon: 
3°00 to 3°80°/) 
Manganese 
0°20 to 1°50°/, 
Phosphorus 
0°20 to 1:°509/, 


(gravimetric). 


Locomotive 
Cylinders 


Silicon from 1°25 to 
17D 9/6: 
Phosphorus: not over 
0:9%/o. 
Sulphur: not over 
0710". 


Cast on end in dry 
sand. 


Gray Iron Castings 


Where section less than 1/,’’ (18 mm) thick, 
not over 0:08°/,) Sulphur. 
Where no section is less than 2" (51 mm) 
thick 0°12°/) Sulphur. 
Otherwise (medium castings) 0'10°/) 
Sulphur. 


| Load applied at the middle, and the de- 


flection at rupture noted. 


Each set of2 bars isto go into asingle mold. 
The pattern of the bars is shown in fig. 
The pattern shall not be rapped before 
with-drawing. The flask is to be rammed 
up with green molding sand, a little damper 
than usual, well mixed and put through 


| a No. 8 sieve, with a mixture of 1:12 


bituminous facing. The mold shall be 
rammed evenly and fairly hard, thoroughly 
dried and not cast until it is cold, 
The test bar shall not be removed from 
the mold until cold enaugh to be handled. 
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Thebars shall not be rumbled or otherwise 
treated, being simply brushed off before 
testing, 


Sub-Committee la. 


No. of specimen bars 


Size ofspecimen bars, 


Load. 


Bending strength. 


Required deflection. 


Distance of supports. 


Speed of testing. 


D)elietolleou est, 


c) Hydrostatic 
Test 
Height of pressure 


Duration of hydro- 
static test. 


Hammer test. 


15. Permissible 
Variations. 
Thickness. 


Germany 


Engine Castings 


Higher ; 


Tensile 


Ordinary | 
Strength 


Length: 235/,” (600 mm) 
Dia.: 13/,¢” (80mm) | 


1320 Ibs. | 


1090 lbs. : 
(495 kg) | (600 kg) 
sq. in. | 213/,¢/sq. in. 
17*/s tons. Bhs ea) 
(28 kg/mm?) 
At least | At least 
9/ao" (Tmm) |43/35" (10 mm), 


Castings for Buildings 
and Pillars 


(oe) 


Length: 23°/.” (600mm) | 
Dia.: 13/,,” (0mm) | 


1000 Ibs. (455 kg) 


161/, t/sq. in, 
(26 kg/mm?) 


| At least 1/,” (6 mm) | 


Difference in the thick- 
ness of a sectionshall 
not exceed, for pillars 
up to 153/,’ (400 mm) 
average dia, and 13’ 
(4m) long, °/,,‘(5mm) 
For pillars of agreater 
length,the permissible 
difference may be in- 
creased by ?/,,‘/ (1/omm) 
for every additional 
315/,,'' (100mm) in dia. 
and 3’ 8” (1 m) in 
length. 


United States of America 


Pipe Castings 
(Socket pipes for Gas and Water piping. Flan- 


| ged pipes for Gas, Water and Steam piping. 


Appertaining Specials.) 


Length: 235/.” (600 mm) 
Dia.: 18/,,“ (80 mm) 


Only for 
161/, t/sq. in. 
(26 kg/mm?) 


and 


water piping, | 


At least 1/,” (6 mm) 


Working pressure + 1521/, lbs./sq. in. 
(10 atm.). 
German standard pipes have to be tested 
up to a hydraulic pressure of 2841/5 
lbs./sq, in. (20 atm.). 


1/5 up to 1 minute, 


During the hydrostatic test with a wrought | 


iron hammer with rounded face, weighing 
2°3 Ibs. (1 kg) and of usual length of 
shaft, with moderate power. 


At the expense of the internal dia,: for 
straight pipes of 
3 Yoo"= 3 5/16 ( 25-100 mm) bore +159/, 


B Of a r8 gg (100-200. 2) en 1 2°/, 
927/55'4-1811/,,' (250-475 , )  » abe 
1911/;, (500 mm) and overbore +10%p 


For standard straight specials, the double 

variation is permissible, same as for 

pipes. For piping, the material of which 

is subject to destructive influences the 

thickness is to be increased  corre- 
spondingly. 


gas | 


+ 0:08” 

me UL ON 
and more, except that for 
direction, variations from 


Cast Jron Pipe 


1900 Ibs. (860 kg) for 
2000 lbs, (910 kg) for pipes over 12” (305 mm). 


and Special Castings 


1—3 from each heat or run. 


Length: 
Width: 
Thickness: 


26" (660 mm) 
2” ( 51 mm) 
1? (G25. min) 


12” (805 mm) pipes or less, 


Not less than 0.80” (71/, mm) for 12” (805 mm) pipes or less, 
Not less than 0.82” (8 mm) for pipes over 12“ (805 mm), 


24" (610 mm) 


150 up to 800 lbs/sq. in (10!/, up to 21 atm./cm?). 


Under pressure and if required by engineer. 


rages 
(2 mm) pipes less than 1” (25 mm) 
(21/, mm) pipes 1" (25 mm) 


spaces not exceeding 8” (208 mm) in length in any 
in excess of | 


the standard thickness of 0:02" (1/. mm) 
above allowance, 


Special Castings 


allowed for straight pipe. 


of standard patterns are permitted to have a variation of 50°/) greater than | 


Foundry Pig Iron 


Locomotive 
Cylinders 


1 for each cylinder, 


| Length: 14” (855 mm) | 
| Dia: 11/, (32 mm) | 


At least 3000 Ibs, 
(1860 kg] 


| Not less than 0°10” | 


(21/, mm) 


12” (805 mm) 


Gray Iron Castings 


4 from each heat. Where heat exceeds 20t., 
2, extra bars cast for each 20t, or fraction 
thereof above this amount, 
Length: 15“»(381 mm) 
Dia: 11/," (82 mm) 


2500 Ibs. (1140 kg) to 3300 Ibs, (1500 kg), 


Not less than 0°10 (21/, mm). 


12” (305 mm). 


290—40 seconds for a deflection of 0:10" 
(21/) mm) 


Where specified. 


tes of America 


| Foundry Pig Iron 


| 
| 


| 
| 
| 


— 
ry 


Locomotive 
Cylinders 


1 for each cylinder, 


Length: 14” (855 mn) 
Dia: 11/, (82 mn) 


At least 3000 lbs. 
(1860 kg] 


| Not less than 0°10” 


(21/5 mm) 
12” (3805 mm) 


Gray Iron Castings 


4.from each heat. Where heat exceeds 20t., 
2 extra bars cast for each 20t, or fraction 
thereof above this amount. 
Length: 15“s(381 mm) - 
Dia: 11/," (82 mm) 


2500 Ibs. (1140 kg) to 8800 Ibs, (1500 kg). 


Not less than 0°10 (21/. mm). 


12” (305 mm). 


20—40 seconds for a deflection of 0:10“ | 
(21/. mm) 


Where specified, 
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| United States of A 


6m rust, and approved 


7. 


10. 


ud out with coaltar 
d to make a smooth 
r with any tendency 


149° C.) immediately 
nperature at the time 
heated shall be so 
an even temperature. 
re minutes, 

lapel Gj..(or. less. if 
s temperature during 
ip the mixture at the 
vontents and refilled 
‘ After being coated 
Any pipe or special 
raped and cleaned. 


1 casting, When cast 
‘painted in white. 


) 
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-al-tar pitch varnish, 


-t ends on pipes 12' 


| half-round wrought- 
if the pipe. 


| 
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| 


| Foundr. 


| 


A Finish, 
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1. Process of 
Manufacture. 


| positic 
specified 
| end dow 
ge color 
to preve 


2.Manufacturing 


| Cast rilling a 


3. Properties’ of | 
with in, etc. 


Material. 


In aconform — 
| specifiinner a 
dimen diamet 
shall e dia-,a 
neat, ds. 

ai 


limensic 
rmable 


} true a 


Ss, 


s of evs 


5. Machining. 


Sub-Committee la. 


Engine Castings 


Higher 
Ordinary | 


6. Coating (with 
coal tar). 


7. Marking. 


8. Weighing, | 


@ Length: 


10. Standards. 


Tensile 
| Strength 
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Germany 


Castings for Buildings 
and Pillars 


Specifications for Cast Iron. 


United States: of Amenica 


Pipe Castings 
(Socket pipes for Gas and Water piping. Flan- 
| ged pipes for Gas, Water and Steam piping. 
| Appertaining Specials.) 


Pipes and specials shall be varnished 
immediately after the hydrostatic test. 
Each casting shall be heated to a tem- 
perature of 302° F. (150° C.) before being 
dipped, Varnish shall not contain any 
substances non-dissolvable in water, and 
must be free from all constituents which 
might give the water any sort of taste, 
After varnishing, the coating must be 
| dry, must adhere well to pipe and shall 
not scale off or stick, 


The internal dia. and the manufacturer’s 
| mark shall be cast on the outside of the 
pipes and specials. 


Standard weight = standard dimensions 
<< 7:25 specifid weight. 
{1:15 for standard specials 
x PL2ta - elbows, 
| Weighing for payment shall be done after 
application of the tar coating. 


Standard table of “Verein Deutscher Gas- 

und Wasserfachmanner“ and the “Verein 

Deutscher Ingenieure“* unless otherwise 

specified, — External dimensions of all 

pipes, as well as internal dimensions of 
sockets are unalterable. 


Cast Iron Pipe and Special Castings 


No casting shall be coated unless entirely clean and free from rust, and approved 
by engineer before being dipped. 
Every pipe and special casting shall be coated inside and out with coaltar 
pitch varnish. To this material sufficient oil shall be added to make a smooth 
coating, tough and tenacious when cold, and not brittle nor with any tendency 
to scale off. 
Each casting shall be heated to a temperature of 300° F. (149° C.) immediately 
before it is dipped, and shall possess not less than this temperature at the time 
it is put in the vat, The ovens in which the pipes are heated shall be so 
arranged that all portions of the pipe shall be heated to an even temperature, 
Each casting shall remain in the bath at least five minutes, 

The varnish shall be heated to a temperature of 300° F. (149° C.) (or less if 
the engineer shall so order), and shall be maintained at this temperature during 
the time the casting is immersed. 

Fresh pitch and oil shall be added when necessary to keep the mixture at the 
proper consistency, and the vat shall be emptied of its contents and refilled 
with fresh pitch when deemed necessary by the engineer, After being coated 
the pipes shall be carefuly drained of the surplus varnish. Any pipe or special 
casting that is to be recoated shall first be thoroughly scraped and cleaned. 


Initials of maker’s name to be cast on every pipe and special casting, When cast 
to order, special regulations, Weight and class shall be painted in white. 


Weighing for payment is done after application of the coal-tar pitch varnish, 


At least 12' (3°65 m) exclusive of socket. Defective spigot ends on pipes 12' 


(305 mm) or more in dia. may be cut off in a lathe and a half-round wrought- | 


iron band shrunk into a groove cut in the end of the pipe. 


According to Standards of “American Society for Testing Materials*. 


| Foundry Pig Iron | 


| 


Locomotive 
Cylinders 


Each cylinder shail 
have cast on each 
side of saddle manu- 
facturer’s mark, serial 
no., date made and 
mark showing 
order no. 


Gray Iron Castings 


Subp=-Wotmimitiee lia. 


Specifications for Cast Iron. 


IPE nOCesce On 
Manufacture. 


2.Manufacturing 


3. Properties of 
Material, 


4. Finish, 


5. Machining. 


Germany 


| Cast iron 


| shall be smooth and | 
neat, free from holes | 


Engine Castings 


Higher 
Tensile 
Strength 


Ordinary 


machined 
with file and chisel. 


In accordance 


dimensions, Castings 


and cracks. 


Castings for Buildings 


| and 


with | 
specified shape and | 


and Pillars 


| Slowly, cool off ac- | 


cording to mold. — 


If pillars to be cast | 


upright, it is to be 
specially stated. 


Unless otherwise spe- 

cified, gray, tough 

soft cast iron 

machined with file 
and chisel, 


Neat and free from | 
defects. Cross section | 


to havespecified area, 


| specials free from 


Pipe Castings 


(Socket pipes for Gas and Water piping. Flan- | 
ged pipes for Gas, Water and Steam piping, | 


Appertaining Specia's.) 


Straight pipes of standard length shall 

be cast upright in well-dried molds. 

Small sizes up to 19/,,” (40 mm) may 
be cast oblique also. 


Gray close grained, so soft 


that 


cast-iron, 


chisel. 


Pipes to be straight, with their inner and 
outer diameters concentric. Pipes and 
defects, 
side surfaces, without cracks, etc. 


| Surface of casting shall be cleaned on 
| inside and outside from all mold sand 


and roughness, 


Both ends to be at right angles to axle. 


Flanged pipes shall be supplied only | 


with joint faces, and, unless otherwise 

specified, with bored flange holes also. 

If the latter are not to be bored, this 

is to be specially stated when ordering. 
The requirement, 


| however, is that no bolt holes are to be 


found in the vertical plane through the 
axle of pipe. This is assuming that the 
main and branches are laid horizontally. 


it can be machined with file and | 


smooth on | 


United States of America 


Cast Iron Pipe and Special Castings 


Remelted Cupola or air furnace. 


The straight pipes shall be cast in dry sand molds in a vertical position. 
Pipes 16” (408 mm) or less shall be cast with the hub end up or down, as specified in 


the proposal. Pipes 18” (458mm) or more shall be cast with the hub end down. | 


The pipes shall not be stripped or taken from the pit while showing color of 
heat, but shall be left in the flasks for a sufficient length of time to prevent 
unequal contraction by subsequent exposure. 


Metal strong, tough and of even grain, and soft enough to admit of drilling and 
sutting. The metal shall be made without admixture of cinder iron, etc. 


al Pipes, 
The pipes shall be made with hub and spigot joints, accurately conform to 
specified dimensions, straight and true circles in section, with their inner and 
outer surfaces concentric, and of the specified dimensions in outside diameter, 
For pipes from 4” to 24” (102—610 mm) inclusive are 2 standards of outside dia-, and 
for pipes from 80” to 60” (762—1523 mm) inclusive 4 standards. 


For pipes: 
4" to 12” (102— 305 mm) incl. 1 class of spec. castings, 
14” to 24” (856— 610 mm)incl,2 , , ~, » 
30“ to 60" (762—1523 mm)incl 4 , 4 y » 


b) Special Castings, 


| All special castings shall be made in accordance with the cuts and dimensions 


as specified, and must be delivered in all respects sound and conformable to 
specifications. 


The flanges on all manhole castings and manhole covers shall be faced true and | 


smooth, and drilled to receive bolts of specified sizes, 
Manufacturer to deliver all bolts for bolting on manhole covers, 


c) Pipes and Special Castings. 
Sound smooth, free from scales, lumps, blisters, sand holes and defects of every 
nature which unfit them for intended use. 
All pipes and special castings shall be thoroughly cleaned. 


Foundry Pig Iron | 


Castings 


Locomotive 
Cylinders 


Cast in a dry sand 
mold. 


| Good, close grained 


gray iron cast. 


shall be 


| smooth, well cleaned, 
_ free from blow holes, 


shrinkage, cracks or 

other defects, and 

must finish to blue- 
print size. 


Cupola process unless ‘furnace iron is 


True to pattern, free from cracks, flaws | 
and excessive shrinkage. In other respects, 


conform 


Gray Iron Castings 


specified, 


to whatever points specially | 
agreed upon, 


fetes of America 


Foundry Pig Iron 


| 
| 
t 


to 
nd 
er, 


nd 


ns | 
to 


. ‘nd | 


Locomotive 
Cylinders 


Cast in a dry sand 
mold. 


Good, close grained 
gray iron cast. 


| Castings shall be 


smooth, well cleaned, 
free from blow holes, 
shrinkage, cracks or 
other defects, and 
must finish to blue- 
print size. 


Gray Iron Castings 


Cupola process unless ‘furnace iron is 
specified. 


True to pattern, free from cracks, flaws 
and excessive shrinkage. In other respects, 
conform. to whatever points specially 

agreed upon, : 


— 


United States: Of An 


—— 


Foundry 


| 


and 610 mm) dia. 
5 and 1067 mm) dia. 


25 mm) dia. 


ess 

08 and 610 mm) dia. 
15 and 1067 mm) dia. 
72and 1525 mm) dia. 
id ends. 


L 


} 
| 


ercentages for the 

or shall not exceed 
ard weights of the 
e than 2/5 


| 


pes. 
ages for the several 
Cl Silicon + 
Sulphur+r 
ation upv 
Total Carb 
variation | 
ward; 
| Manganese 
Phosphc 
+ 154 
| of the sp¢ 
ercent 
16 bie 
he weight of which | 
pipes 16° (406 mm) 
in dia. 
| shall be less than | 


or less in dia, and 
3 pipe may be 12°/, 


ive pipe or casting 
d point of delivery, 
and to be cracked. | 


| 
} 


| 


Sub-Committee la. 


——" 


Diameter. 


Length. 


Weight. 


Chemical 
tion, 


Composi- 


16, Rejection. 


Germany 


Engine Castings 


Ordinary 


Higher 
Tensile 
Strength 


Specifications for Cast Iron. 


United States of America 


Castings for Buildings | 


and Pillars 


Pipe Castings 


(Socket pipes for Gas and Water piping. Flan- 
ged pipes for Gas, Water and Steam piping. 
Appertaining Specials.) 


In the event of strengthening of the socket 

being necessitated by strengthening shaft 

it is to be done at the expense of the 

external shape. The casts of the pattern 

so arising are to be borne by the pur- 
chaser. 


+ 25/32" (20 mm) in specified length. 

Shorter pipes up to 5°/, of total delivery. 

Minimum length up to 3/3” (1 m) less 
than standard length. 


For straight pipes + 5°/) 

For specials + 10%/, 

For double branch pipes and intricate 
Specidisna: Lbo/,. 

Excepted from above are branch pieces 

of more than 153/,“ (400 mm) dia,, which 


| have greater thicknesses and, in certain 


circumstances, are strengthened by means 
of ribs. 


Castings with defects prejudicially affec- 
ting the tensile strength of the pipe are 
not to be supplied. Smaller deficiencies 


which are unavoidable through the nature | 


of the process of casting and which do 

not in any way affect the casting in 

question from being put to use, are ot 
sufficient cause for rejection. 


Cast Iron Pipe and Special Castings 


Pipes.) 

+ 0:06” (11/, mm) pipes of 16 (406 mm) dia. or less 
+ 0°08" (2 mm) »  » 18, 20" and 24 (457, 508 and 610 mm) dia. 
+010" (21/, mm) , , 30“—86" and 42" (762—915 and 1067 mm) dia. 
+ 0:12” (3 mm) » » 48 (1220 mm) dia. 
+ 0°15" (83/4, mm) , 4 55” and 60” (1397 and 1525 mm) dia. 

Special Castings®*) 
+ 0:12 (3 mm) for castings 16 (406 mm) dia. or less 
toa (as amine, 18”, 20" and 24 (457, 508 and 610 mm) dia. 
+ 0°20" (6 mm) 7 5 30"—36" and 42” (762—915 and 1067 mm) dia. 
+ 0°24" (6 mm) x . 48", 54” and 60’ (1220, 1372 and 1525 mm) dia. 


* 


) Variation in dia, of sockets and external dia. of bead ends. 


Pipes 
— 59/, for pipes 16 (406 mm) or less dia. 
— 49/, for pipes over 16" (406 mm) dia. 
No excess above standard weight of more than the given percentages for the 
several sizes shall be paid for. The total weight to be paid for shall not exceed 
for each size and class of pipe received the sum of the standard weights of the 


same no. of pieces of the given size and class by more than 29/0, 


Special Castings 
— 10°/, for pipes 12’ (805 mm) and less dia. 
— §80/, for pipes over 12” (805 mm) dia. 
— 12°/, for curves, y pieces and breeches pipes. 
No excess above standard weight of more than above percentages for the several 
sizes will be paid for. 


No plugging or filling will be allowed, 

No pipe will be received which is defective in joint room, the weight of which 
shall be less than standard weight by more than 5°/) for pipes 16'' (406 mm) 
and less in dia. and 4°/) for pipes more than 16° in dia. 

No special casting shall be accepted the weight of which shall be less than 
standard weight by more than 10°/) for pipes 12 (805 mm) or less in dia, and 
8°/, for larger sizes except that curves, y pieces and breeches pipe may be 12°/) 
below standard weight. 


| 


Until final completion and adjustment of contract any defective pipe or casting | 


shall be liable to rejection, However, when accepted at agreed point of delivery, 
the contractor shall not be liable for pipes and castings found to be cracked. 


Foundry Pig Iron | 


Silicon + 25°/) 


| Sulphur+no vari- 


ation upwards 
Total Carbon no 
variation down- 
wards 
Manganese+209/, 
Phosphorus 
+ 159/, 
of the specified 
percentage 


Locomotive 
Cylinders 


Gray Iron Castings 


| 1 bar of every 2 of each set made must 
| fulfil requirements to permit acceptance 
| of castings represented. 
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CEMENT IN SEA-WATER.*) 
By A. Poulsen, Chief-Engineer of the Danish State Hydraulic works. 


(Translation from the French Original.) 


Among the documents dealing with the work of the Congress, 
a pamphlet has been handed in entitled “Cement in Sea-water’’, 
giving information upon a series of tests which we commenced 
about ten years ago with a view to ascertain the principal causes 
which occasionally led to the deterioration of concrete work erected 
in the /sea, 

The pamphiet has been presented to you by the Scandinavian 
Association of Portland-Cement Manufacturers and you will find 
therein tabular statements and diagrams showing the results so far 
obtained. The limited time at my disposal does not allow me to 
enter into many details and I have given an abstract of the main 


points in this paper, a copy of which I have sent to the office of 


the Congre8 for reproduction in our review. 

The cost of the tests in question are borne by the Association 
of Portland-Cement Manufacturers, and the tests are being carried 
out in conjunction with the Norwegian and Danish Hydraulic 
Works authorities and staff, whose assistance has proved of great 
importance and value. The programme was drawn up at the time 
by a Committee, the members of which are Mrs. Budi, Lund (since 
deceased), Morris-Haslinger, Wallin, engineers who were joined 


*) Abstract of the pamphlet “Cement in Sea-Water“, Report on the trials 
commenced in 1896 on the recommendation of the Society of Scandinavian Port- 
Jand Cement Manufacturers by A, Bete Copenhagen, E. & F. N. Spor, 
London. 3 sh. 
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later by Mr. Kjellstr6m-with myself as Chairman, and entrusted with 
the supervision of the work as mapped out in the programme. 


I shall deal here with the pamphlet above alluded to, by 
taking seriatim. the various points mentioned in chapter 9 and 
enlarging upon them, as follows: 


a) “The tests have been so carried out that the preli- 
minary and the concluding operations only took place in 
the laboratory, a fact which enhances their practical value.” 


The tests in question may be said to be two-fold, in that 
they apply to cubes of mortar, about 3500 in number and to con- 
crete blocks, which number over 100, ?/, m® (23°5 cubic feet) in 
volume. The blocks were made on the sea-coast off which they 
were to be deposited i. e. at Thyboron, at the entrance of the 
Limfjord into the North Sea, near the town of Lemvig. The cubes 
of mortar have the usual surface of 50 cm? (7°75 square inches) 
to enable them to be broken in the machine in the Laboratory; 
they were made in the Laboratory. The Committee acknowledge 
with thanks the assistance they received in this matter from the 
State Laboratory, Copenhagen. 


From the Laboratory, the test specimens were sent, for ex- 
posure to the action of sea-water and climatic conditions, to the 
Vardo harbour at the extreme North-Eastern point of Norway; to 
Esbjerg harbour at the extreme South-Western point of Denmark 
and to Degerhamn harbour, on Oland island, near the South- 
Eastern point of Sweden, in the Baltic sea. At Degerhamn care 
was taken that the test specimens should not be exposed to frost, 
by placing them sufficiently low under water level; the sea-water 
at that point has but a low percentage of salt (*/,°/o). 


At Vardo and Esbjerg, a series of specimens was similarly 
placed below the lowest sea level. A second series was placed at 
the average tide level, thus being exposed twice every day to 
climatic effects, especially to frost and the summer heat, which 
alternate with the sea-water action; the water at these points con- 
tains 8'/,°/, of salt. The specimens are thus caused to thaw twice 
a day during the winter months. 


The tides at Vardo have a height of 4 m (13 feet) and at 
Esbjerg a height of 1:°5 m (5 feet). The average temperature at 
both harbours and these may be considered as ice-free, is 71/,° ©. 
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(45° Fahr.), at Esbjerg and about 0° C. (82° Fahr.) at Vardo; these 
are the temperatures both of the water and of the atmosphere. 

From what we have already said, it will be seen that speci- 
mens of mortar were deposited for test in five different-spots, each 
Series containing about 700 cubes. 


Map of the Scandinavian Countries. 


Cement works. | 
Danish near Aalborg: 1 Aalborg, 2 Denmark, 3 Norden, 4 Norresundby. — 
Near Mariager: 5 Cimbria, 6 Dania, 7 Kongsdaal. 
Swedish: 8 Hellekis, 9 Degerhamn, 10 Visby. — Near Malmé: 11 Lomma- 
Limhamn, 12 Klagshamn. 
Norwegian: 18 Christiania, 


Long before our tests were commenced, it had been noticed 
that concrete work had to a large extent been deteriorated at 
Esbjerg and Vardo. The sets of specimens placed at both these 
spots were exposed to actions so pronounced and so different as 
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regards their likely effect, that it was hoped they would yield most 
precise results. With reference to Degerhamn, where the climate 
-is equal to that of Esbjerg, a very slight effect only was anti- 
cipated, the specimens being at a good depth in sea-water having 
but a low percentage of salt. 

Concrete tests of a similar nature have also been made at 
a place where the use of concrete had given unfavourable results. 
The concrete blocks are there placed in a groin which forms part 
of the dyke on the Western coast of Jutland, pier 59. Those 
Congress members who take part in the final excursion at Lemvig- 
Thyboron will have an opportunity of seeing these biocks. The 
average temperature of the water and the atmosphere is exactly 
the same as that of Esbjerg, about 71/,° C. (45° F.). The tides, 
however, are less pronounced, being 0°5 m (19 inches only). 

b) “The cases built to take the test specimens have 
given complete satisfaction: their object was to protect 
the specimens against becoming damaged by shock, while 
allowing all physical actions to have full play.‘ 

The results aimed at might easily have been compromised 
by the means taken to carry out the tests; fortunately, the success 
of the device was complete. Each case contained 77 cubes, and 
we were able to lower the specimens and to raise them out of 
the water at the expiration of the time appointed, 1. e. at the ex- 
piration of 3 and 6 months, 1, 2, 4, 6 and 10 years, without the 
loss of a single cube, although some were cracked and others had 
lost their shape completely. 

c) “The marking of the test specimens by coloured 
plass.in the shape of.-beads, or fragments Of )¢lasequm 
indicate composition.and class of cement, has (beam 
entirely successiul? 

We followed this method of marking by glass beads not only 
for the blocks, but also for the cubes of mortar. Some specimens 
could not have been recognised had any other method of marking 
been used, whereas their origin was most accurately traced by © 
means of the beads. 

For the mortar specimens, a class of Portland-cement was 
Selected from each of the three Scandinavian countries: 1. Aalborg 
(Denmark), 2. Christiania (Norway), 3. Lomma-Limhamn (Sweden). 
for comparison, a British Portland-Cement, “Nine Elms“, was 
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also taken, and also a French hydraulic lime from “Le Teil‘. 
Test pieces were made using each of these classes of cement in 
the following proportions: 1c:3s, 1:2, 1:1 and 1:0 (pure cement), 
four cubes of each proportions, using “normal sand“ of Bornholm. 
A series was also made, using sand from the Thyboron sand- 
hills and Aalborg cement. 

For the concrete blocks, the five above classes of cement 
were also selected, together with others, the manufacturers of which 


Tests of concrete containing sands of varying fineness, 
at dyke no. 59, Thyboron. 


In the two adjoining diagrams, the curves indicate the porosity of the sand 

mixtures as per annex 6*); the moulded blocks are designed under the numbers 

of the table annex 10*). One of the diagrams applies to the blocks with the 
1:2:4 mixture, the other, to those with the 1:3:51/, mixture. 


The state of the blocks is shown by 4 circle the radius of which is equal to 
the figure for quality given in annex 10, © 


Most of the blocks were made in 1896—1897. The year is added between ( ) 
for those manufactured later. 


agreed to take part in the competition. These were: 6. Hellekis, 
¢. Dania, 8. Cimbria, 9. Danmark, 10. Hemmoor, 11. Norden and 
12. Aalborg quick-setting. 

We also carried out a few trials with additions to the Portland- 
cement and with other mortars including: 1. trass, 2. infusorial 
earth (Mo-Ler), 3. a silicate with an addition of “Lomma‘, 4. slag 
cement, 5. a special “Dania“ cement, 6. a “sand cement“, 7. Kinniple- 


*) Refers to the Original Report. 
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concrete, 8. hollow “Monier“ blocks, 9. santorin') and cement, 
10. santorin and lime, 11. pouzzolana and cement, and 12. pouzzolana 
and lime. : 

Besides these blocks formed of different kinds of cement, we 
made blocks 2 X 12 in the proportions 1:3 and 1: 2,-using one 
and the same cement (“Aalborg“) and sands of three different 
degrees of fineness mixed together. 


These blocks were all manufactured, using fine sand-hill sand 
and shingle of the Thyboron sea-shore, the mortars having the 
proportions 1« 38, 1:2 and-1:1, also’ in, some cases aa g2 eee 
proportion between the shingle and the mortar corresponding for 
all these mortars to that of the mixture 1:2 with 4 of shingle. 


The total number of blocks thus exceeded 100. 


d) “When the programme of the testS was wdraicm 
out, the dates at which the results wereto be ascertained 
should have~been fixed at longer intervals Guring ste 
first years, so as to be able, later on,’ to COMUIMeiro ae 
larger number of results.“ 


It has been stated above, under b), that the raising of the 
cases was timed to take place after 3 and 6 months, 1 and 2 years etc. 
A period of ten years has elapsed, and there are still at each place 
two cases, which are to be raisea after a total period of fifteen and 
twenty years. We may state for the guidance of those engineers 
who may wish to carry out similar tests, that in this respect 
a better arrangement could have been made. 


e) “The chemical actions of salt-water are not alone 
able to. deteriorate mortar; Portland cement appearoums 
be almost intact.“ 

Among the actions to which the cubes of mortar are exposed, 
the chemical action should have been most clearly shown by a 
comparison between the results of the exposure below the sea 
level at Degerhamn and those of the exposure in deep water at 
Esbjerg, there being between the two places only a difference in 
the percentage of salt-in -the water 31/,9/,-and-4/,%%. 

Mr. Czarnomsky has stated that in the Black and Caspian 
seas, salt has a pretty marked effect on concrete. The percentage 


1) A clayey Sand containing about 70°!) Silica found in the Island of 
Santorin, Greek Archipelago (Note Secr. Association). 
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of salt in both the latter seas, and the temperature of the atmosphere 
especially, are much higher than in Scandinavia. At those two 
places, therefore, the salt has a more marked effect, while on the 
Scandinavian coasts other actions, especially frost, prevail. 

- f) “On the other hand, the Teil lime was found to be 
subject to great chemical variations. The analysis at Vardo 
tends to show that a mechanical action may have hastened 
a simultaneous chemical decomposition.‘ 

As is well-known, the Le Teil lime has acquired a great 
renown in the French Mediterranean ports; it is there considered 
quite satisfactory and is almost exclusively used for constructions 
in the sea. The same for Italy in regard to pouzzolana and lime 
mortars, and this notwithstanding the high percentage of salt in 
the Mediterranean waters, 4°/,. Although these- materials 
acquire after an exposure of about twenty years to the action of 
the sea a consistency similar to that of chalk, they are used 
with advantage. | | 

In our more northern countries, Teil lime deteriorates rela- 
tively quickly, and, besides, a chemical effect has been noted; this 
is explained by a primary action of frost which by causing cracks 
on the surface, accelerates and increases the chemical action. 
Portland cements which acquire more rapidly a sufficiently high 
resistance to better withstand the mechanical effect of frost, appear 
for this reason to be, comparatively at all events, free from 
chemical actions. 

In some cases, a granit facing with a grouting carefully 
maintained might act as a protection. 

_ The poorer kinds of mortar were not sufficiently sheltered. 
They cracked and a white mass issued from the cracks. In some 
instances we found what are styled “tulipes de béton“, strange 
formations (of which a few examples were shown at the meeting), 
which however, do not proceed from the test specimens, but from 
a groin of the dyke to the North of Thyboron, An explanation 
of this formation was given in a recent issue of “Cement and 
Beton.“ 

g) “The deterioration of the mortar tests Specimens 
was due mostly to the mechanical effect of frost.“ 

In comparing the test specimens from Vardo with those 
from Esbjerg, and specially those that were placed at the average 
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sea level, a very great difference is found, although the water at 
both these harbours, contains practically the same proportion of 
salt, 3°5°/, There is, however, a considerable difference in 
the climate of these two harbours, situated at a distance from 
each other, the average temperature of the atmosphere and of the 
water being 0° C (32° F.) at one place and 71/,° C (45° F.) at the other. 

We have here the most important result of our tests, i. e., 
the predominating effect of a cold climate. Whilst at Esbjerg and 
at Degerhamn the test specimens kept pretty satisfactory for ten 
years, only a few from Vardo (which were shown at the meeting), 
have revealed a high resistance in the crushing test carried out 
at the Laboratory, a further proof of the supposition that the disinte- 
gration of the mortar cubes was not due to an internal chemical 
action, but to a mechanical effect on the surface. 


h) “The deterioration of concrete blocks is also ex- 
plained by climatic effects.“ 

The blocks have been placed at Thyboron only; no com- 
parison is, therefore, possible. It is hardly possible either, although 
an attempt has been made to do so, to note the chemical results 
produced. The analyses have shown, both in regard to the blocks 
and mortar cubes, that the amount of oxide has decreased. In 
certain instances, especially in the Teil lime, the proportion of 
magnesia and sulphuric acid has increased. There has always 
been found an increase in the quantity of chlorine which generally 
and from the analyses made for this, has no chemical connection 
with the alkali. | 

It should be remarked however that accurate analyses of a 
mortar, and more so of a concrete, are rendered very difficult by 
the foreign bodies which are introduced with the sand and the 
shingle; for this reason it is practically impossible to obtain exact 
figures. The appearance of the blocks is therefore the more reliable 
means for estimating deterioration. 

i) “The 1:3 mixtures of mortar is too poor for use 
in the sea in Scandinavia.“ 

Here, the word “sea“ implies normal sea-water containing 
3°5°/, of salt; in the Baltic, weaker mixtures can no doubt 
be used if they be protected against frost. 

In sea-water, specially at Vardo, our tests showed the 1:3 
specimen of mortar to have much less durability; among the con- 
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crete blocks placed at Thyboron, those with 1:3 mortar were 
almost all destroyed after ten years. 

j) “The sand used in mortars should be mixed sand 
of different degrees of fineness, the greater portion, 
however, being fine sand (/; to 2/;); specimens having 
the denser mixture were not those which lasted longest.* 

The coarsest sand in the mixtures is formed of particles of 
the size of grains of corn or barley; the finest is that of the local 
sand-hills and there is used also a sand of intermediate fineness. 
The denser mixture contains 1/, of fine and */, of coarse sand, 
with 24°/, water; it contains no sand of the intermediate 
grade. The mixture of '/, fine with 2/, average fineness was found 
superior to all others in tests made elsewhere. In our Country 
the results bear upon a mixture having a larger proportion of 
fine grade (about half) and containing but coarse and fine sand. 

k) “The addition to the cement of a material cru- 
shed fine (trass, or ordinary sand) is advantageous. 

Our tests have confirmed former results, to the effect that 
mortar can be improved by adding to it various substances, 
crushed as fine as the cement itself. For us, however, this point 
has not the value which attaches to it in those countries where 
trass, or pouzzolana, is found, or where slag is produced. We 
have ascertained the value of ordinary sand, crushed with the 
cement (“sand cement“), and we have also made a test with an 
addition of Danish infusorial earth, the cheapest addition for us, 
the result of which is as yet doubtful. 


In conclusion I may add that the tests in question mapped 
out to cover a period of twenty years have, so far, only covered 
half that period. The results, therefore, are not yet complete and 
cannot be considered as final. 
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Diagrams showing results of crushing tests of mortar cubes. 


600 


306 


Resistance is given in kg per sq. cm, the values being for 
the number of years shown: one centimetre equals 50 kg per sq. cm, 
and one centimetre equals one year. The arrow in the name of Aalborg with seashore sand. 
the locality indicates whether the exposure was below or above 
low-water mark. 

In each diagram are found 3 curves of similar design; which 
apply to the same class of cement. The one, two or three dots — — — Nine Elms. 
on the right hand border show the kind of mixture: 1:1, 1:2, 1:3. 


Aalborg. 


— Christiania. 


Lomma. 


— Teil lime. 
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President Charles B. Dudley +. 


x We have received from Philadelphia the painful news | 
# that our honoured President, Mr. Charles B. pakehaee EB 
f passed away on the 21* instant. a 
| Scarcely three months have elapsed since aie b 
Congress, amidst general enthusiasm, elected this much . 

f esteemed researcher to the highest position of honour F 
i in the gift of the Association, and since Mr. Dudley @ 
| undertook this difficult office, full of confidence and vigour § 
m for work. His whole life had been spent in testing, he gh 
| said, in the simple words of thanks addressed by him S 
i to the Meeting, and now as he was approaching the end & 
of his work, the Association had conferred upon him : 
the Presidency of their body, which he could not but & 
regard as the greatest honour that had ever come to him. @ 

It is a tragic stroke of fate that the old researcher, M 

whose name will ever remain honourably inscribed in F 
ff the annals of technical science, only enjoyed for so short § 
f a time the high distinction thus bestowed upon him by § 
i the fellow experts of his profession from all countries & 
in the world. 


. For the Association itself it is indeed a most serious. 
E loss, that the work of the newly elected President should | 
2 come suddenly to so abrupt a conclusion. From the moment . 
| when Mr. Dudley accepted the difficult office of President, he ~ 
: set to work with positively youthful ardour, to smooth all 
# paths, so as to facilitate the future development of the Associ- | 
© ation, to make the attainment of its great aims possible, and ' 
| to ensure the success of the coming Congress. | 
. As a prominent researcher, as a clearsighted and untiring 
(| worker, and at the same time as a man both of touching | 
— coodness and of that fine simplicity which recalls the great 
men of American tradition — as such, the late President will 
continue to live in the memories of all who had the happiness | 
of knowing him. 

The Association will always hold him in grateful remem- 
brance. 


E. Reitler A. Martens 


General Secretary. I. Vice-President. 


Untill, according to the By Laws a Member of Council shall 
be nominated Acting President, the first Vice-president Professor 
A. Martens will act as provisional head of the Association. 
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The late Dr. Chas. B. Dudley +. 


At the time the present papers were being printed, | 
we received the very sad news that Dr. Chas. B. Dudley, 
whose election as president had been so unanimously § 
welcome, had died at Altoona, on December 2ist, after @ 
only a few days sickness. 

Dr. Dudley was born on July 14th, 1842, at Chenango & 
County, New York. His first studies were conducted at | 
the local school and academy. He volunteered for service @ 
in the War of the Rebellion, and was dangerously wounded 
in one of the engagements. At the close of the war he — 
went back to his studies, but was compelled to interrupt § 
them for a time, in order to do journalistic and other | 
editorial work, with the object of acquiring sufficient 
funds to follow the courses at Yale College. He devoted 
most of his time to the study of chemistry and graduated 
as Ph. D. in 1874. 

After one year spent as assistent in the physical 
laboratory, Pennsylvania University, Philadelphia, he 
entered the service of the Pennsylvania Railroad as 
chemist. In that position he worked for the last thirty- 
four years — a period of most fruitful activity — at 
testing materials embracing the whole of the requirements 
of the Pennsylvania Railroad. He was the pioneer in 
America in regard to the institution and regulation of 
testing methods; his work formed the basis on which 
were established the specifications for the supply of material 
of all classes and the improvements carried out in the 


lil 


manufacture of such material. He had become one of 
the most prominent technical experts of America, and his 
works received the approbation of the whole world; in 
this connection his researches on the relation existing 
between the physical and technical properties of rail steel 
and on the wear of steel rails, deserve a special reference, 
seeing that they are standard works which form a lasting 
record of considerable technical value. 

The laboratory of the Pennsylvania Railroad offered 
to Dr. Dudley a wide field for research; his experiments 
played a most important part in the testing of materials 
throughout North America. For a long time he had been 
at the head of the powerful American Testing Association 
and had been deeply interested in working for the inter- 
national unification of methods of testing. His appointment 
as President of our Association could therefore be con- 
sidered as a crowning distinction, since the whole of his 
life had been devoted to testing; one of the results of 
his appointment would have been to allow him the most 
pleasing opportunity of extending his views and his great 
experience over an international field, to the great fur- 
thering of the cause of our Association, for which he 
had always showed the greatest regard. 

His death has destroyed all these hopes; it is a 
most severe loss to the International Association and to 
the problem of material testing. 

Nor is it in technical circles or on account of tech- 
nical interests alone that this will be felt. Through the 
death of Dr. Dudley the world has grown the poorer by the 
loss of one of its noblest, one of its greatest-hearted men. 


‘ j 
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REVIEW OF THE CONGRESS. 


The V‘ Congress of the International Association for Testing 
Materials was held in Copenhagen from the 7 to the 11 of 
September 1909. It formed a most impressive demonstration of 
the importance of the scientific and technical problems which are 
dealt with by the Association. Some 900 members assembled for 
the Congress from all parts of the world, among them being most 
prominent representatives of scientific research and manufacture; 
the governments of 22 states sent official delegates; and the King 
of Denmark, by graciously accepting the office of Patron, and by 
personally taking part in the opening Meeting, gave public proof 
of his appreciation of the work of the Association. 

On the eve of the Congress the Council of the Association 
and the Organising committee enjoyed the high distinction of 
joining the King and the Royal family at dinner, — on which 
occasion the King made the following important speech: 


“1 am highly pleased to be able to welcome in you, 
“gentlemen, the worthy representatives of the science of 
“engineering, Which in less than a century has altered 
“the face of the world, which continues to alter it more 
“and more, and has made it possible to extend to all 
“mankind, including those men in the most hurmble 
“situation, the advantages of modern progress which until 
“now were the privileges of a small number of the rich 
“alone. 

“J am greatly pleased at your selecting Copenhagen 
“for holding your V“ Congress.“ 

“Although it is the capital of one of the small states 
“of Europe, you will find here a population seeking with 
“all its might to contribute to the progress of mankind, 
“and inspired by the noble and honourable desire of 
“attaining distinction in every department of science, art, 
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“and labour, where intelligence and energy are required. 
“It desires nothing so eagerly as to justify in this con- 
“nection its right to an individual existence, and to acquire 
“thereby the esteem and friendship of all other nations.“ 

“T drink this toast, therefore, with the expression of 
“my warmest wishes for the success of your J/abours. 
“T trust that you will take away with you from Denmark 
“not merely the recollection of a hospitable reception, but 


“also the impression that the Danish people is contributing 


“in an able way to the great work of man’s common 
“welfare and to the peace of the world.“ 


In the reception which the King held after dinner he expressed 
in the course of conversation his regret at being unable to receive, 
through lack of space, all the members of the Congress. 

The opening meeting of the Congress took place on the 
morning of September 7 in the great hall of the University. . 

Before the meeting, the delegates of foreign governments, 
whose visit had been notified through diplomatic channels, and 
the officers of the Council and Congress, assembled in the Con- 


sistorial hall, where the delegates were presented to the King and 


to the Crown Prince, who entered into conversation with them, 
while the other members of Congress gathered in the magnificent 


» 


reception room every available seat in which was rapidly taken up. — 


The King and the Royal family attended in a state box during } 


the ceremonial opening of the Congress. The Prime Minister, His 


Excellency Count Holstein Ledreborg; the honorary Congress ~ 
members; the Minister for Home Affairs, His Excellency Klaus — 


Berntsen; the Minister for Foreign Affairs, His Excellency Count 
Ahlefeldt-Laurvingen, and the Lord Mayor of Copenhagen, 
H. V. Oldenburg, as well as the Chancellor of the University Prof. 
Dr. C. Torp, were also present. The meeting was appropriately 
opened by a Cantata specially composed for the circumstance; 
this was sung with great effect by the Student’s Choir. After this 
Crown Prince Christian of Denmark, Honorary President of the 
Congress, made a speech in which he welcomed the members 
assembled, and declared the Congress formally opened. The text 
of his speech, which was enthusiastically received, as well as the 


subsequent business report made by Mr. Alex. Fof8, the President — 


of the Association, and the paper read by Mr. Paul Larsen on 
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“The Development of the Cement Industry in Denmark“, are given 
in full in the official report of the Congress. The ceremonial opening 
meeting was suitably concluded by the singing of a second — 
cantata. 

The work of the Congress was carried on simultaneously in 
three sections on the 8, 9 and 10 in rooms set apart in the 
splendid new Townhall, from 9°30 a.m. to 2 p. m. All the reports 
printed in English, German and French, having been sent beforehand 
in good time to the members the meetings were almost exclusively 
devoted to discussions. These discussions were on the same high 
scientific level as the problems under consideration, and they led 
to a series of suggestions which in part found expression in the 
resolutions passed by the Sections. The resolutions indicate the 
lines to be taken by the work of the Association during the next 
few years. 


The General Meeting of September 11'* gathered all the 
members in the magnificent Assembly Room of the Town Hall, 
Where the resolutions of the Sections were finally ratified, the 
holding of the VI Congress in America decided upon, and 
Mr. Charles B. Dudley elected President. After the assembled 
members had expressed their warm gratitude to the organisers of 
the Congress and more especially to Mr. Foss, the retiring President 
who had been nominated life member of Council, Mr. E. J. Stead, 
Middlesborough, delivered a special lecture on the use of the 
microscope in metallurgy, illustrated by numerous lantern slides. 

The Congress proceedings contain most detailed reports both 
of the meetings of Sections and also of the General Meeting. A 
new and most interesting means of assistance in recording the 
business of the meetings was found in Poulsen’s Telegraphone, 
lent by the Dansk-Telegraphone-Company, a most interesting 
apparatus of Danish invention which registered with great 
precision the discussions in the three languages, and thus gave 
successful proof of its usefulness in large assemblies. 

A small collection of special machinery was on exhibition 
in close proximity to the rooms used for the Congress meetings; 
this exhibition is specially referred to in the preface of the Congress 
proceedings. 

Thanks to the excellent arrangements which had been carried 
out, the members of Congress and their ladies had the opportunity 


VII 


Review of the Congress. 


of visiting in a very short time a number of interesting installations 
both in Copenhagen and in its vicinity. 

The visitors also derived much interest and instruction 
from a series of visits paid to Carlsberg breweries, to the new 
free port; they also inspected the admirable arrangements for 
traffic at the main railway station, the machinery- and ship-building 
yards of Messrs Burmeister and Wain, the Elsinore ship-building 
yards, the refuse-destruction plant, and the electric-power plant at 
Frederichsberg. Director Hagemann exhibited the excellent arran- 


gements of the Technical College, while Professor Hannover, 


a kindly host, received the numerous expert visitors in the fine 
Testing Laboratories; he distributed among the members of the 
Congress a nicely got up booklet which records the work done 
by the establishments under his charge. This booklet also gives 
instructive information on the great share which the Scandinavian 
countries have, from the first, taken in the development of Testing 
materials.!) 

= The inspection of the castle of Christiansborg, now in course 
of construction, a visit to the picturesque and historical castle of 
Kronborg, a trip round the harbour, a visit to the celebrated and 
much admired Royal Porcelain Works, in which the artistic porcelain 
Congress badge, was made and finally, a visit to the new Carlsberg 
Glyptothek enabled the visitors to form an adequate opinion of 
the beauty of the town and of the richness of its countless art 
treasures. Special visits were arranged for the ladies during the 
Sectional meetings; these were made to the Art and Industry 
Exhibition, the Thorwaldsen Museum, the Castle of Rosenborg 
and the Hagemann Students’ Home. A motor-trip was also taken 
to see the dairy of “Trifolium” near Haslev.?) 

The favourable impressions gained each day were completed 
in the evening by a series of entertainments which, by the heartiness 
of the reception afforded, the charm of the ladies, and the ex- 
ceedingly happy arrangement of every detail, delighted the numerous 
guests. In the evening of the opening of Congress, the Danish 
Engineers Association under their President, Professor Steenberg, 


1) On the Development of the Science of Testing Materials in Scandinavia; 
also recording the Work of the State Testing Institute in Copenhagen. 

*) A special Congress number of the periodical “Illustredet“ Tidende with 
abundant illustrations was given as a souvenir to the members. 
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gave a brilliant reception to the visitors at the Royal Shooting 
Club, a reception which took the shape of a most charming 
garden-party. The following evening, Mr. Oldenburg, Chief President 
of the Copenhagen Municipality, with the mayors and aldermen, 
received the visitors in the splendid apartments of the Town Hall; 
this, with its striking covered courtyard, surrounded by splendid 
galleries, formed an absolutely ideal festive hall. A gala-performance 
of the highest artistic order was given at the Theatre Royal; this 
was graced by the presence of the Queen and membres of the 
Royal Family. 

The days of festivity were brought to a close by a steamer 
trip to the charming watering-place of Skodsborg, where the 
members of Congress met informally for a dinner, and by a trip 
on the coast Railway, through a picturesque district to the magni- 
ficent watering-place of Maryenlist, where the numerous visitors 
were entertained to a farewell-banquet. 

Some hundred members of Congress, under the guidance of 
President Foss, undertook the great four-days final excursion to 
Jutland, the object of which was the inspection of the Portland 
cement Works in Aarhus, and of the splendid seawalls on the 
west coast of Jutland. 


This excursion, favoured during the sea-trip by most mag- 
nificent weather, and delightful from the charms of an all but 
unknown country, delightful also owing to the admirable travelling- 
arrangements made by the indefatigable Captain Petersen, will long 
be remembered by all who took part in it, as one of their most 
enjoyable pleasure-trips. — A special Steamer, the “Melchior‘, 
provided the party, of an evening, with a comfortable home, and 
carried them on by night, as if by magic, to a series of ever 
new scenes and shores. 

On the first morning, September 13, the party found 
themselves at Skagen, the interesting northernmost point of 
central Europe, where the currents of the Skagerak and Kattegat, 
meet in a mighty rush whose beauty proved so inspiring to the 
Danish painters, Kroyer and Anchert and to Holger Drachmann, 
the poet, who lies buried on the headland, close by. 

The West-coast, beaten by the surf of the Skagerag and the 
North Sea, commences at Skagen. Masses of wreckage beaten to 
and fro by the waves testify to the dangers which surround the 
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headland. A most interesting performance was carried out during the 
visitors’ stay, the heroic lifeboatmen having launched and manned 
their boat. 

Under the kind guidance of M. Richter the mayor, and his 
wife, the excursionists were able to admire in the course of an 
extensive drive, the particular views offered by the downs the fine 
sand forming which had been for centuries a danger to the neigh- 
bouring villages, actually burying some of them, until plantations 
made within the last years had succeeded in helping to keep it 
in check. — One great shifting sandbank alone, the Raabjeg Mile, 
consisting of the finest white sand, still keeps alive the memory — 
of the strange forces of nature which once wielded such limitless 4 
power in this district. ; 

A short voyage in the night brought the party to Aalborg, — 
where the interest of the spectators was absorbed by the Horre-— 
sundby and Aalborger Portland-Cement Works with their splendid — 
modern appliances, the “kominors”, revolving furnaces, and the 
great quarrying work in the huge chalk cliffs. A new type of 
pneumatic filling-apparatus for sacks, — by means of which the d 
cement-powder is poured down in a vacuum into the sacks with- 
out need of further assistance, — attracted particular attention on 
account of the exactness of this method of filling, and the complete 
absence of dust. In the course of a luncheon on the lawn, 
characterised by good-fellowship and abundance, opportunity was 
afforded for thanking Mr. Berg, the manager, for his friendly 
reception. . i, 

On the following morning the “Melchior” arrived in magnificent 
weather at the thousand-year-old, historical town of Aarhus. Under 
the guidance of Dr. Winge, the President of the Jutland Tourist 
Club, the old cathedral, of high artistic interest, was visited and 
greatly admired, as also were the modern art gallery and other 
public institutions, and the splendid beech-wood in Marselisborg. 
The National Exhibition, charmingly situated near the beach, 
received a large share of the visitors’ attention. The exhibition 
bore witness in its numerous tasteful buildings to Denmark’s 
many-sided industries, to the riches of its agriculture and the high 
standard of its art; the most striking part of all was that formed 
by the models for the erection of artistic dwellings in the station- 
road of a village. A banquet, given by the municipality of Aarhus, 
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under the chairmanship of the Mayor, Mr. Drechsel, concluded 
the visit. 

A night’s railway journey brought the remainder of the party 
to the west coast of Jutland for the inspection of the sea- 
walls there, particularly at Bovbjerg, where the sandy coast, some 
thirty feet high, had been encroached upon for years by the heavy 
beating of the sea-waves, until this encroachment was checked by 
the successful erection of sea-walls. Here the guidance was under- 
taken by Mr. Poulsen, who had written for the Congress a report 
upon the experiments carried out on a large scale by the Association 
of Scandinavian Portland-Cement Manufacturers as to the effects 
of sea-water upon cement.!) From Bovbjerg a series of 70 break- 
waters cross the peninsula north of Limfjord; these have cost up 
to the present time a total sum of 15 million Francs. A carriage- 
drive through the softly undulating country with its scattered farms, 
each having on its roof a wind-motor, a token of progress in 
farming, and then a short railway trip, brought the party finally 
to Thyboron for an inspection of the experimental breakwaters of 
cement-blocks in which the most varied cements, admixtures, and 
sands have been used, in order to test their suitability for building 
purposes on the sea coast. 


After this, the party made their way back to Lemvig, the 
final goal of the excursion. Here, at a farewell supper, the gratitude 
felt by the visitors was again openly expressed; most cordial 
thanks were given to the organisers of the Congress, above all 
to President Foss, the indefatigable Captain Petersen, to Messrs. 
Lorenz and Hannover, and the ladies of the committee. 

A most complete success can be recorded for the V Congress 
in every respect. It has very considerably contributed towards 
the appreciation and propagation of the aims of the Association. 
Its proceedings will provide for years to come valuable matter 
which will forward the work of the Association. It has moreover 
left in the mind of all who took part in it a large amount of most 
delightful recollections. 

The newly elected President of the Association, Mr. C. B. 
Dudley, has expressed the great gratitude which the Association 


1) “Cement in Seawater’, Report upon Experiments organised and 
being carried on since 1896 by the Association of Scandinavian Portland-Cement- 
Manufacturers, By A. Poulsen. Gad Publishing House. 8 frs, Copenhagen 1909. 
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owes to the organisers of this Congress by the tollowing letter 
addressed to Mr. Foss, the President of the Congress, a letter which, 
so far as mere words are able to do reflects the feelings of all 
the visitors. 


“My dear Sir, It is with feelings of inward satisfaction 
“and sincere pleasure that all those who took part in the 
“Congress at Copenhagen look back upon the delightful 
“days spent in that city. Each of them has carried away 
“with him the proud consciousness of having been witness 
“to a stirring manifestation of intellectual activity, such as 
“does not pass away with the day, but will be powerfully 
“efficacious towards the accomplishment of those ends 
“aimed at by the Association.“ 


“The scientific results of the Congress would not 
“have been possible without the splendid organisation 
“which we owe, my dear Sir, to you and to the various 
“Committees under your presidency. Your powerful appeal 
“called together the first experts of the whole world, and 
“gained members to take part in the Congress from distant 
“countries Which had till now been wholly ignorant of the 
“Association and its objects.“ 


“By means of this Congress the number of the ad- — 
“herents of the Association has been as much increased — 
“as the general understanding of its scope and intention 
“has been deepened and widened.“ 


“Not only, also, did you succeed by means of your — 
“well-planned organisation in giving clear aim and direction — 
“to the willing work of hundreds, but you likewise under- 
“stood how to display, in a short time, the rich treasures — 
“of your beautiful country after a fashion unforgettable 
“to all. 


“The Congress members have learnt in Denmark to 
“admire with their own eyes a country standing, through 
“its own high culture, in one rank with the first civilised — 
“nations of the world, a country dedicated to the furtherance © 
“of public prosperity under the wise rule of a sovereign, 
“himself a lover of progress.“ 
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“We beg you therefore, my dear Sir, to accept the 
“most sincere and cordial thanks of the Association and 
“to convey the same to all those kind cooperators, both 
“ladies and gentlemen, who have given you their assistance 
‘in this laborious work.“ 

“May the consciousness of having powerfully promoted 
“the objects of the Association and of having gained new 
“friends for Denmark in every part of the world be the 
“true reward of your great and unselfish labours I 


“With the expression of the highest esteem,“ 


“The International Association for Testing Materials.“ 


Ernst Reitler, Charles B. Dudley, 
General Secretary. President. 
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FIRST PART. 


REPORTS PRESENTED TO THE 
Peo CONGRESS. OOO 


LIST OF PAPERS. 


A. METALS. 
Metallography. 


I; Report on Progress made in Metallography from the Brussels Congress 
up to the Commencement of 1909. By Prof, E. Heyn, GroB-Lichterfelde. 

I2 Special Steels. By Prof. Léon Guillet, Paris, 

Ig The Heat Treatment of Spring Steel. By Lawford H. Fry, Paris. 

I4 ‘Slag Enclosures’? in Steel. By Walter Rosenhain, B. A., D. Sc. , Teddington, 

I5 On the Homogeneity of Metal, Ex? G. Tagueeff, St. Petersbourg. 


Hardness Testing. 


IIy Hardness Test. Official report by Dr. P. Ludwik, of Vienna, 

Ilz Simplified Ball-Hardness Testing Machine and Results obtained therewith. 
By Prof, A. Martens and E. Heyn, Gr,-Lichterfelde W, 

Il3 The Cone-Pressure Test for Determining the Hardness of Permanent 
Way Materials. By Dr. August Gefiner, Vienna. 

Il4 Investigations on the Brinell “Method of determining Hardness. By Harold 
Moore, B, Sc,, Woolwich Arsenal, England, | 


Impact Tests. 


il, Official Report on Impact Tests of Metals. By G. Charpy, Montlucon. 

IIIz On Notched-Bar Impact Bending Tests. By. Prof, F. Schiile, in conjunction 
with Ed. Brunner, of Ziirich. 

IlIg The Definition of Resilience in Impact Tests. By Louis Révillon, Paris: 

Illg4 Impact Tests at variable Temperatures. By Prof. Léon Guillet and Louis 
Révillon; Paris. . 

Ills Impact Tensile Tests. By Pierre Breuil, Paris, 

Ill6 Application of Modern Testing Methods to Copper Alloys. By Prof, 
Léon Guillet and Louis Révillon, Paris. 

Il7 Comparative Static and Dynamic Notched-Bar Bending Tests. By Dr, 
A. Leon and Dr. P. Ludwik, Vienna. 

IlIg Note on the Rupture of Normal Cylindrical Test ee ie ead 
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E. Howard, Watertown, Mass., U. S. A. 
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and E. Brunner, Ziirich, 


Testing of Cast Iron. 


V1 Report in connection with the Tables of Results of Experiments on the 
Strength-Properties of Cast-Iron of various Sections taken from 
_separately-cast samples and from samples cut out of castings. By 
Brothers Sulzer, Winterthur, Switzerland. : 

V2 On Uniform Methods of Testing Cast. Iron, Official report presented by 
‘Dr, R. Moldenke, New-York, Chairman of Committee 25, 


Influence of Increased Temperature on the Mechanical Qualities 
of Metals. 


VI, Official Report by Prof. M. Rudeloff, Grof-Lichterfelde W, 


Magnetic and Electric Properties of Materials in Connection 
with their Mechanical Testing. 


VII, The Utilisation of the Magnetic and Electric Properties of Materials in 
conducting Mechanical Tests. Report by ie Griinhut and Dr. J. Wahn, 
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VIIz2 Ferromagnetism and fhe Study of Metals and Alloys. By Prof. Pierre 
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VIIIzg On Standard Specifications for the Purchase of Copper. “Report of the 
Copper Committee 38, by the Chairman Mr. Léon Guillet, -Paris. 
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VIll4 A New Mirror Apparatus for Measurements of Elasticity. By Professor 
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VIII5, Not appeared. 

VIII6 Unification of Methods for Testing Steam, Gas and Water Pipes. By 
A, C. Karsten, Copenhagen. 

VIII7 Sparks as Indications of the Different Kinds of Steel. pe Max Bermann, 
Budapest. 


Internal Strains. 


VIlig On the Principles of “Technological Mechanics‘. By Dr. Paul Ludwik, 
Vienna, 

VIII9 Internal Friction in Loaded Materials. By G. H. Gulliver, B. Sc., Edinburgh. 

VIlI190 On irregular Strains due to Nonhomogeneity of Materials. By Dr, techn. 
A. Leon, Vienna, 

VIII11 Connection between the Permanent.Sets caused. by Traction and Com- 

pression. By Dr. William Misangyi, Budapest, 

VIII,2 Tenacity and Malleability. By Dr. William Misangyi, Budapest, 
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Reinforced Concrete. 


1X4 meer of ‘the Committee on Reinforced Concrete. Presented by the 
Chairman of Committee No, 41, Prof, F. Schiile, Zurich, with the follo- 
wing appendices. 

a) Wissenschaftliche Versuche und Versuche zur Kontrolle der Bau- 
ausfiihrung auf dem Gebiete des Eisenbetonbaues in Deutschland. Mit- 
geteilt vom Deutschen Ausschuf fiir Eisenbeton, Berlin, 

b) Expériences et essais de contréle sur le béton armé en Italie. Rapport 
de M, ie prof. J. Benetti, Bologne, 

c) Eisenbetonversuche in Danemark. poh Sete von Prof. E. Suenson, 
Kopenhagen. 


d) Versuche mit Eisenbeton-Konstruktionen in Holland. Mitgeteilt von 
S. J. Rutgers, Rotterdam. 
e) Recherches expérimentales sur le béton armé en Suisse. Rapport de 
M. ie prof. F. Schiile, Zurich. ; 
IX2 Reinforced Concrete Structures. Measure of the Deformations of Struc- 
tures under Service Conditions. Appendix to Committee Report 41 by 
Charles Rabut, Paris. 
1X3 Casualties in Reinforced Concrete Building. Appendix to Committee 
Report 41 by Dr. Fr. v, Emperger, Vienna. 
1X4 Influence of repeated Loading upon the Adhesion between Concrete and 
Iron, of bright, and of rusty surfaces. By Prof. Bernhard Kirsch, Vienna, 
IX5 The Influence of Small Sectioned Transverse Ties on the Strength of 
Concrete. System of Free Ties. By W. P. Nekrassow, St. Petersburg, 


Progress in the Methods of Testing. 


X14 Progress in the Methods of Testing Hydraulic Cements. Official report 
presented by R. Feret, Boulogne-sur-mer, 

X2 Uniform Tests of Hydraulic Cements by Means of Prisms. Standard Sand. 
Report of the Chairman of Committee 42 Prof, F. Schiile, Ziirich, 

X3 On Accelerated Tests of the Constancy of Volume of Cements. Report 
presented by the Chairman of Committee 32, Bertram Blount, F, I. C., 
London. 

X4 On Rapid Methods for Determining the Strength of frraraciic Cements. 
Committee-Report 9 presented by Dr. Fr. Berger, Vienna, 

X5 Note on the Rapid Testing of Cements treated with hot water. Appendix 
to report X4 by L. Deval, Paris. 

X6 On Rapid Methods for Determining the Strength of Hydraulic Cements. 
Appendix to report X4 by Alfred Greil, Vienna, 

X7 Determination of the Simplest Method for the Separation of the Finest 
Particles in Portland Cement by Liquid and Air Processes. Report of 
Committee 30, By Prof. M. Gary, Gr.-Lichterfelde. 

Xs Appendix to Report X7 by Mayntz Petersen, Copenhagen. 

X9 Unification of Specifications for Gypsum. By Prof. M, Gary, Gr. -Lichter- 
felde, and R. Feret, Boulogne-sur-mer 

X10 Testing Puzzolanas with the Object of Determining their Value for 
Mortars. By G. Herfeldt, Andernach. 

X11 On the Best Manner of determining the Commencement and the Time 
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concrete. By order of the Hungarian Society for Testing Materials, 

presented by Prof. Dr. Const. Zielinski, Budapest. 

X13 Proposal Made by Mr. Mayntz Petersen in Copenhagen on the Alter- 
nation of the Methods of Testing Recommended by the IVth Congress. 


Cement in Sea Water. 


X11 Experiments on the Decomposition of Mortars by Sulphate Waters. By 
J. Bied, Le Teil (Viviers, Ardeche), 

XI2 On the Condition of the Cement Blocks in some of the Russian Ports 
in the Black and Caspian Seas. By W. Czarnomski, St, Petersburg. 

XI3 The Use of Reinforced Concrete beside the Sea. By Prof. M. Moller, 
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XI4 Cement in Sea Water. By A, Poulsen, Copenhagen. 


Weathering Resistance of Building Stones. 


XII; Wheathering Resistance of Building Stones. Committee-Report 7 by 
Prof. A, Hanisch, Vienna, with the following appendices, 
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Qualities, By Professor Dr, J. Hirschwald, Berlin. 
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Various Reports. 


XIII 4 The Bonding of Layers of Mortar after Different Time Intervals. By 
Prof, B. Kirsch, Vienna, 

XIII2z Notes on Trass, Trass-Cement and Cement-Lime mortars. By Dr. techn, 
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XIII3 Contribution to Methods of. Investigation into the Elastic Longitudinal 
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By Prof, J. A. v. d. Kloes, Delft.*) 

XIII5 On the new German Standards for the Uniform Delivery and Testing 
of Portland-Cement. By M. Gary, Gr.-Lichterfelde.*) ~ 


SUNDRIES. 


Oils. . 
XIV Official Report by Dr. M. Albrecht, Hamburg, 


Caoutchouc. 


XV Methods of Testing Caoutchouc. By E. Camerman, Brussels 

XV, Mechanical Testing of Caoutchouc. By P. Breuil, Paris. 

XV2 Contribution to the Question of the Mechanical Testing of Soft Rubber. 
By K. Memmler and A. Schob, Gr.-Lichterfelde W. 


Wood. 


XVI4 Abstract. of Report on the Present Status of Timber Tests in the Forest 
Service, United States Department of Agriculture. By Prof. William 
Kendrick Hatt, Lafayette, Ind., U. S. A, 2 


Paints on Metallic Structures. 


XVII, On the Corrosion of Iron in Water and Aqueous Solutions. By 
Prof. E. Heyn and Prof. O. Bauer, Gr.-Lichterfelde, 

XVII2 On Preservative Coatings for Iron and Steel. Résumé of Work done 
by the American Society for Testing Materials. Presented by S.S. Voorhees, 
Washington D. C, 

XVII3 A Study of Rust-Preventing Paints for Metal Structures. By Em. Camer- 
man, Brussels. 

XVII4 A Plea for International Investigation concerning Protective Coatings 
for Iron and Steel. By J. Cruickshank Smith, B. Sc., London, 


Papers. 
XVIII; On repeated stresses on papers. By Prof. A. Rejté, Budapest, 
General Matters. 


XIX, Testing in the Domain of Automobile Work. By Dr. W. Exner, Vienna.*) 

XIX2 On the international» Regulation-By-Law of Technical Testing. By 
Dr. W. Exner, Vienna *) 

XX Business Report for the Period from the IVth to the Vth Congress. 


*) Short abstract of the Report verbally submitted. 
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Is 
ON THE HOMOGENEITY OF METAL. 
Abstract of a paper by Mr. G. Tagueeff, St. Petersburg. 


In applied mechanics and in the theory of elasticity, bodies 
are considered parallely homogeneous, isotropic, and having a mass 
which is continuous. But since, in reality, metals having a com- 
plex texture, are commonly non-homogeneous and have not a 
continuous mass, it is very important to ascertain the influence 
which these factors have on the behaviour of metals in actual 
practice. Microscopical investigations of the texture of metallic 
bodies which have undergone stresses exceeding the elastic limit, 
show that the non-homogeneity of the texture, or the permeations 
of foreign substances into the homogeneous mass, have a great 
influence upon the distribution of stresses in the transverse section. 

Homogeneity is only a relative property; it is dependent 
upon the distribution of the elements at the different points of the 
metal and is thrown-up in the highest degree by the texture. The 
study of the texture is, therefore, the most complete and the most 
suitable method of ascertaining homogeneity. 

The resistance shown by specimens subjected to various 
tests and the wear of the metal in actual service — although 
this latter has not a complete analogy with the results of labora- 
tory experiments — depend upon the absolute properties of the 
metal (chemical composition and texture) and upon a relative 
property which is governed by the distribution of the elements 
in the mass of the metal and is called homogeneity. 

When the normal. resistance of tests specimens and of 
mechanical parts decreases suddenly, this can always be accoun- 
ted for by peculiarities in the texture, by non-homogeneity. This 
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shows the great importance which attaches to the study of the 
homogeneity of metals. The influence of homogeneity is particul- 
arly evidenced by stresses beyond the elastic limit, close to the 
breaking strain. 


If we consider a piece under a Static load, the non-homo- 
geneity of the metal has its origin at surfaces which separate from 
each other masses having a different elasticity. The extension of 
particles of the metal against these surfaces ceases at a given 
moment to continue in accordance with the law on the continuous 
function of tension and elongation, and from that moment 
each particle is under two claims which make for elongation and 
which, as they cannot be met, result in the fracture of the piece. 


In the case of a piece under a dynamic action, the vibrations 
do not propagate in regular undulations, as would be the case 
were there to be perfect homogeneity, but at different velocities: 
there occurs interference in the undulations, hence two contrary 
velocities of different sign may be at play at any given point, 
leading to fracture. 


The above remarks on homogeneity are confirmed by tests 
with rails, axles, etc., removed from the service in a good or bad 
state of wear. 

I beg to state here a number of propositions which may be 
of interest and were deduced from special researches in the matter.) 


1. The study of the flexion of rails by calculation or by the 
direct measurement of deformations does not explain the great 
difference found in the wear of rails, nor the deteriorations which 
Occurain hem, 

2. Microscopical investigations have revealed ~ . 

a) the existence of strains in the rail heads, which are ex- 
plained by the non-homogeneity of the metal and which have 
considerably exceeded the calculated strains due to flexion; 

b) the particular influence of the action of shock, leading 
to the fracture of a rail in the track, fracture which also depended 
upon the degree of homogeneity of the metal. 


1) “The homogeneity of rails.“ A supplement to the work of the Russian 
Committee for the study of rails. G, Tagueeff, 1908, St, Petersburg. 

“The study of texture -as‘a method of testing.“ (The homogeneity of the metal. 
Report to the Imperial Russian Technical Society, St. Petersburg, May 29th 1909.) 


cua. 


Is 


3. The wear of rails depends upon the properties of the steel: 
chemical composition and texture, also upon another property 
called homogeneity which latter is defined by the distribution of 
the elements in the steel. 

4, The influence which homogeneity has in regard to rails 
is much more pronounced than that of the quality of the 
metal itself. 

5. When the question is asked as to which is the best 
quality of steel for rails (reference being made to chemical com- 
position and texture) having regard to the conditions of service, 
it is absolutely necessary to compare together rails equally homo- 
geneous and subject to equal service conditions. This may be 
achieved by the laying of an experimental track. 

6. The degree of homogeneity of the steel can be taken as 
a basis for classifying rails according to their life in service. 


Rails of non-homogeneous steel are always either fragile or 
worn, or have yielded under the stretching strain, according to 
the character and local condition of non-homogeneity in each 
particular case; no very clear line of demarcation can, however, 
be laid down for establishing a distinction among isolated groups 
of bad rails. 

Blow-holes and gas enclosures lead to the wear of rails; 
ghost-lines (decarburised surfaces of ferrite with permeations of 
foreign substances in the centre), make for fragility; and an 
unequal distribution of ferrite and pearlite leads to the yielding 
of the steel under stretching strains. 

The MnS is absolutely detrimental from the point of view 
of resistance so long as it is present in accumulated masses, 
with the simultaneous occurence of cracks. 

7. The cause which makes for non-homogeneity is due to 
the processes of manufacture of the metal before rolling (bath, 
teeming, reheating of ingots), or to the process of rolling, or can 
be traced to the cooling-down after rolling. The rolling hot of a 
rail which is allowed to cool-down slowly, throws-up the non- 
homogeneity of the cross-section, and decreases the technical 
properties of the steel. 

The non-homogeneity of rails rolled hot is shown by the 
predominence of ferrite round the periphery of the cross-section; 
by the difference in the size of the grain and by a decrease in 
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the elastic limit in the steel taken from the central portion of 
the head. 

8. The degree of homogeneity may be determined by a 
change occurring in the mechanical properties, in the limit of 
elasticity for example; this appears to be the best available means 
for tracing what the treatment of the metal has been. 

9. The calculation of the coefficients of non-homogeneity of 
rails in their cross-section, based on the above, shows that: 

a) Satisfactory conditions of wear for rails are hardly to be 
expected unless there be a sufficient margin of homogeneity. 

b) The stetching strain of rails is proportional to the non- 
homogeneity of the cross-section. 

c) The ccefficient of non-homogeneity of rails “strain stet- 
ched“ is 5 to 15 times greater than that of rails which have 
maintained their section in service. 

d) The homogeneity of rails which have proved satisfactory 
in service is 5 times higher than that of “strain stretched“ rails. 

10. Investigations in regard to texture make it possible to 
determine a few typical examples. For instance, the signs of a 
really bad service of steel pieces, shown by the ramified texture 
of pearlite of mild, and semi hard steel of axles and rails. 


Errata of the report VIII.: 


ON THE UNIFORM NOMENCLATURE OF 
IRON AND STEEL. 


By Prof. Henry M. Howe, New York, and Prof. Albert Sauveur, 
Cambridge (Mass.). 


For Pontiloff p. 2 line 16 read Poutiloff 
» based on error-p. 4 line 28 read based on an error 
» therm p 4 foot note line 6 read term 
»  Slaglees steel p. 9 line 12 read slagles steel 
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PREFACE. 


This second part of the report on the Congress forms a 
survey of the organisation, the membership and discussions. 

The latter took place at two General Meetings and at a 
number of meetings of sections. Mr. Alex. Fo, President of 
Council, acted as Chairman of the general meetings. A bureau 
was formed to conduct each section; this consisted of a chairman 
and several secretaries who most kindly undertook their difficult 
duties. The bureaux were as follows: 


Section A (Metals): 


Chairman: Mr. O. Busse, Director, Danish State Railways. 

Secretaries: Mr. R. Christiani, Engineer; Mr. G. N. Knub, 
Engineer; Mr. Ove Munck, Chief Engineer; Mr. O. K. Ovesen, 
Chief of the Artillery Testing Dept. 


Section B (Cement, Concrete and Stone): 


Chairman: Captain T. Grut, Corps of Engineers. 

Secretaries: Mr. O. H. Arboe, Engineer; Mr. Jul. Mathiesen, 
Engineer; Mr. Axel Schaffer, Engineer; Mr. H. E. Stenbjorn, 
Engineer. 


Section C (Sundries): 

Chairman: Captain B. Miinter, Royal Navy, retired. 

Secretaries: Mr. H. P. Bonde, Engineer; Mr. A. Jacobsen, 
Engineer; Mr. Mayntz Petersen; Prof. E. Suenson. 

The Hon. Chairman and Hon. Secretaries, whose names 
President Foss announced at the first general meeting (see 
pp. 45—48), kindly gave the various bureaux their support; this was 
most welcome, especially in regard to translation work in the 
course of the discussions, as these were carried out in the three 
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languages. In this connection, besides the names of the Chairmen, 
may be specially mentioned those of Prof. F. Schule, Prof. P.Weiss, 
Dr. W. Rosenhain, Messrs. Em: Hiertz, Edw. Oj} Sage meae 
Lloyd and J. Mathiesen. 

The secretaries in each of the three sections took note of 
the main points raised in the course of the discussions. The latter 
were recorded in full by telegraphones which had been placed at 
the disposal of the Congress by the Dansk Telegraphon-Aktie- 
selskab, Copenhagen; these instruments gave complete satisfaction. 
Several of the speakers were also kind enough to send in abstracts. 
of their remarks. 

The whole of the matter has been edited in the General 
Secretary’s office and abridged where necessary. 

The reports published by the Council had been sent, pre- 
vious to the date of Congress, to all members. These reports are 
given in the First Part of the Proceedings. 

During the time the Congress was being held, a number of 
papers were distributed to members by their authors or publishers; 
the following is a list of the same: 


On the Development of Material Testing in Scandinavia and on the work of 
the Danish Government Testing Laboratory, Copenhagen, offered by 
the Laboratory. 

Cement in sea water. Report upon the tests commenced in 1896 by the Asso- 
ciation of Scandinavian Portland Cement Manufacturers. By A. Poulsen 
Royal Danish Hydraulic Works Dept. 

Note on Abrasion Tests for Metals. Note concerning certain experiments with 
alternating Pressures, by E, Nusbaumer, Engineer, Laboratory of the 
G, Derihon Works, Loncin near Liége, Belgium. 

Note by Mr. A. Pourcel and Mr. A. Greiner following the report of Comte 24. 

Results of Comparative Tests with Portland Cement carried out in 1909 in 
Amsterdam, Karlshorst and Ziirich on the usual, and the prism methods 
(German). 

Lists of Tests with Concrete and Reinforced Concrete made in the German 
Testing Laboratories of ie eet oe Dresden, Gr.-Lichterfelde and Stuttgart 
(German). 

Report by Prof, Talbot on Reinforced Concrete Tests made in the United States. 

Slag Cement by Engineer Giulio Bellotti, abstract of tests made by the Florence 
Technical Institute (French). 

Experiments upon the Decomposition of Cements in water sulphates by Mr. 
J. Bied. Abstract from the “Revue de Métallurgie“* (French), 

Second report upon the maintenance of Hydraulic Bonding Material in sea water, 
applying to tests made by the Royal Testing Laboratory, Gr.-Lichterfelde, 
with the cooperation of the Royal Hydraulic works Inspection Dept» 
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Husum, by Prof. M. Gary and Engineer C, Schneider. Reprint from the 
“Mitteilungen aus dem KOniglichen Materialprifungsamt“, Gr.-Lichterfelde, 
1909, nos 5 and 6 (German), 

Report of Committee “E* on Preservative Coatings for Iron and Steel. Havre 
de Grace Bridge Test including Analysis of Paints and analytical Method 
by P. H. Walker and P. C, Mc. Ilhiney. Reprint from the Proceedings 
of the Am. Soc. Test. Mat. Philadelphia, Penna, Volume VIII, 1908. Scientific 
Section Paint Manufacturers Association, Philadelphia, Pa. 

Contribution to the Question of Mechanical Testing of Soft Rubber. I. On the 
influence of the shape of specimens on the results. By Dipl, Engineer 
K. Memmler and Engineer A. Schob. Proposed by the “K6nigl, Material- 
prifungsamt“, Gr.-Lichterfelde; for the Vth Congress, Copenhagen, Sept. 1909, 
of the International Association for Testing Materials (German). 

Technological Mechanics, by Paul Ludwik. Reprint from the “Osterr. Wochen- 
schrift fiir den d6ffentlichen Baudienst“, 1908, no 42, page 762 (German), 

‘“Tilustreret Tidende‘‘, special issue, offered to the Members of Congress, 


In connection with the Congress a small 
exhibition 
was held of special machines for testing, which proved of great interest. 
It contained the following: 


An apparatus for hardness testing by means of a sharp edged disc, 
exhibited by the Engine Department of the Danish State Railways, by 
Director Busse, Copenhagen, 

A new mirror for measuring elasticity, by Prof. B, Kirsch, Vienna, 

A rebound-meter and hardness testing apparatus on the Brinell and 
Ludwik principles, shown by the Aktiebolaget Alpha, Stockholm, 

An Automatic cement screening machine, exhibited by Messrs, 
F. L. Smidth & Co., Copenhagen. 

Machines for testing soft rubber, viz. a Schopper-Martens machine for 
duration tensile tests and a Schopper-Martens machine for breaking-strain 
tests (see “Mitteil, aus dem Kgl. Materialprifungsamt* Gr,-Lichterfelde, 1909, 
p. 173), shown by Mr. Louis Schopper, Leipzig. 

A microscope for metals, exhibited by M. C. Reichert, Vienna. 


Vienna, January 1910. 
Ernst Reitler, 
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Klaus Berntsen, Secretary for Home Affairs. 

Thomas Larsen, Secretary for Public Works. 

H. C. Steffensen, Chairman of the Upper House. 

A. Thomson, Chairman of the Lower House. 

V. Oldenburg, Mayor of Copenhagen. 


President of the Congress: 


the firm of 
of Danish 


Partner 1n 
Association 


Alex. Foss, Civil-Engineer and Manufacturer, 
Pata comidth © & \ Cov, President of. the 


Masters of the Iron Industry, Copenhagen. 


Reception Committee: 


Ch. Ambt, Generaldirektor for de 
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Dansk Ingeni6érforening. 


A/S De forenede Papirfabriker, 
Kobenhavn. 


1* 


Committee. 


Den tekniske Forening. 

A/S Det danske Gaskompagni, 
Kobenhavn. 

Gustav Halberstadt, Grosserer, 
Frederiksholms Kanal. 

A/S Helsingérs Jernskibs- & 
Maskinbyggeri, Helsingor. 

Ce MA itess, “Verte: 

Industriforeningen. 
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Council 


of the International Association for Testing Materials. 
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F. Berger, Dr. techn h.c., Sektionschef im k. k. Ministerium fiir 6ffent- 
liche Arbeiten, Stadtbaudirektor a. D., Wien. 


President: 


Alex. Foss, Civil-Engineer and Manufacturer, Partner in the firm of 
F. L. Smidth & Co., President of the Association of Danish 
Masters of the Iron Industry, Copenhagen. 


Vice-presidents: 


A. Martens, Dr. Ing, Professor, Geh. Ober-Reg.-Rat, Mitglied der konigl. 
Akademie der Wissenschaften zu Berlin, Direktor des kénigl. Material- 
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(Gunnar Dillner, Engineer), represented by J. O. Roos af Hjelms§Ater, 
Director of the Testing Laboratory of the Royal Technical Academy 
of Stockholm. 
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A. Greiner, Directeur-Général de la Société John Cockerill, Seraing. 

H. I. Hannover, Professor Polytechnic Academy, Director of the State 
Testing Laboratory, Copenhagen. 

B. Kirsch, k. k. 0. 6. Professor und Vorstand des mech.-tech. Labora- 
toriums der technischen Hocnschule, Wien. 


Council, 


G. C. Lloyd, Secretary to the Iron and Steel Institute, London. 


S. A. Lund, Department Engineer to the Chief Management of the Nor- 
wegian State Railways, Kristiania. 


J. Marva y Mayer, Général du Génie, Chef de section au Ministére de 
la Guerre, Membre de l’Académie Royale des Sciences exactes, 
physiques et naturelles, Madrid. 


A. Mesnager, Ingénieur en chef des Ponts et Chaussées, Professeur, 
Directeur des Laboratoires a l’Ecole Nationale des Ponts et Chaussées 
et Paris. 


Constantin M. Mironesco, Inspecteur-Général, Directeur de l’Ecole des 
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prufungsanstalt, Zurich. 
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Belgrad. 

W. H. Warren, M. Inst. C. E., M. Am. Soc. C, E., Challis, Professor 
of Engineering, University of Sydney, Sydney. 


General Secretary: 
Ernst Reitler, C. E. Vienna (Austria), II/9, Nordbahnstrasse 50. 


GOVERNMENT DELEGATES AND REPRESEN- 
LAuLVES. 


Argentine Republic. 


Gouvernement de la République Argentine; 


Rapelli, Luis, Ingénieur. 


Australia. 
Australian Federal Government and the University of Sydney: 
Knibbs, G. .,-C.-i., FR. A. S._F._S. S.;. Chief of.the Commonwealth 
Bureau of Census and Statistics, Melbourne. 


Belgium. 
Ministere de l’Industrie et du Travail: 
Hubert, Herman, Inspecteur-Général des Mines, Professeur ordinaire a 
l'Université de Liége. 
Ministére des Chemins de fer, Postes et Télégraphes: 


Camerman, Emile, Ingénieur, Chef 
du Service des Essais_ des 
Chemins de fer de l’Etat Belge. 

Thirionet, Léon, Ingénieur en Chef, 
Directeur des Chemins de fer de 
Etat Belge, Bruxelles- Woluwe- 
St-Pierre. 


Decamps, Pierre, Ingénieur principal 
des Chemins de fer de 1’Etat 
Belge. 


Bogaert, R. van, Ingénieur en chef, 
Directeur de service a la Direction 
générale des Chemins de fer. 


Ministére des Travaux Publics: 


Volsom, Van, Ingénieur principal des Ponts et Chaussées. 


Association des Ingénieurs sortis de 1’Ecole de Liége et Fédération des 
Constructeurs Belges, Bruxelles: 


Greiner, Adolphe, Ingénieur des Mines, Directeur-Général de la Société 
Cockerill, Membre du Comité-Directeur de 1’ Association Internationale 
pour l’essai des matériaux, Seraing. 

Société Belge des Ingénieurs et des Industriels, Bruxelles: 

Camerman, Emile, Ingénieur, Chef du Service des Essais des Chemins 


de fer de 1’Etat Belge. 


Brazil. 
Gouvernement brésilien: 


Assis, Olympio de, Ingénieur. 


Delegates. 


China. 


Gouvernement chinois: 


Liu Si Shang, Secrétaire-dragoman. 
Wang Mu Tau, Attaché, ayant rang 
de secrétaire. 
Chang Ching Yao, Eléve-dragoman 
pour la langue francaise 
Ministére du Commerce, de 1’ 


Tchang-Tsou-Soueng, Premier 
Secretaire de la Légation Im- 


Wang Ming Yao, Eleve-dragoman 
pour la langue francaise. 

Yang Pao Nan, Ingénieur 
Chemins de. fer, 


des 


Industrie et de 1l’Agriculture ; 
Ping Shi, Attaché a la Légation 
Impériale de Chine, St-Péters- 


périale de Chine, St-Petersbourg. bourg. 
Denmark. 
Marineministeriet: 
Tuxen, Jo Ci irektor, 
Ingeniorkorpset: 
Mohl, N. F., Ingeniorkaptajn. : 
Artilleriet: 
tuxen, H., <Oberstlojtnant. Lomholt, N. E., Kaptajn. 
Ovesen, O. K., Premierlojtnant. 


Direktoratet for Vandbygningsveesenet: 


Westergaard, N. V., Vandbygnings 


direktor. 


Poulsen, A., Afdelingsingenior, Lemvig. 


De danske Statsbaners Maskinafdeling: 


Bisse Oi e A Die kos 


De danske Statsbaners Baneafdeling: 
Hein, S. P, F., Banebestyrer, Fredericia, 


Hiort-Lorenzen,' P., Kontorchef. 


Anloegene af nye Statsbaner: 


Ernst, C._F. S., Konimitteret. 


Carlsen, C. J., Chef for Konstruktionskontoret. 


Telegrafdirektoratet: 


Meyer, N. R., Telegrafdirektor. 


Sévernets Bygningsveesen: 


Hedemann, C. G. H., Kaptajn, Bestyrer af Soévernets Bygningsveesen. 


Kobenhavns Havneveesen: 


Drechsel, C. F,, Havnekaptajn, Kommandor. 


Suenson, E., Docent. 


Den polytekniske Lereanstalt: 


Statspréveanstalten: 


Hannover, H. I., Professor. 


Stadsingenidrens Kontor i Kébenhavn: 


Voigt, J. J., Stadsingeniér i Kébenh 
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avn. 


Delegates, 


Dansk Ingeniérforening : 
Steenberg, N. G., Professor =. ~~ Winkel, S., Ingeniér, Hilleréd. 


Den Tekniske Forening: 

Moller, H. C. V., Havnebygmester. 
| Elektroteknisk Forening: 
Prior, H..P., -Direktor: sare 
Arkitektforeningenen: 
Hansen, Heinrich, Bygningsinspektér.. 

. Konstruktérforeningen i Kébenhavn: 
Wiehe, I., fhv. Driftsbestyrer. 


Germany. 
Reichsmarineamt, Berlin: 
Veith, Wirklicher Geheimer Ober- | Hiillmann, Geheimer Ober-Baurat. 
Baiital 
Konigl. Preu®isches Kriegsministerium, Berlin: 
Wurtzel, Professor, Dr., Abteilungsvorstand im Militarversuchsamt. 


K6nigl. Prevéisches Ministerium der 6ffentlichen Arbeiten, Berlin: 


Zimmermann, H., Dr. phil. und Dr. | Germelmann W., Geheimer Ober- 
Ing., Wirkl. Geheimer Ober- Baurat. 
Baurat. Labes, Regierungs- und Baurat von 
Nitschmann, Franz, Geheimer Ober- der Konigl. Eisenbahndirektion, 
Baurat ) Berlin. a 


Natorp, Regierungs- und Baurat. 


Konigl. PreuBSisches Ministerium der geistlichen Unterrichts- und Medizinal- 
Angelegenheiten, Berlin; 


K6nigl. PreuBisches Materialpriifungs- | Heyn, E., Professor, Unterdirektor. 

amt, Grof-Lichterfelde: Gary Max, Professor, Abteilungsvor- 
Martens, A., Professor, : Dr?” Ing’; steher. 

Geheimer Ober-Regierungsrat. : 

Bayrische Staatsbahn-Verwaltung, Miinchen: 

Bert, Ernst, Konigl Ober-Regierungsrat. 

Konigl.. Generaldirektion der SiAchsischen Staatseisenbahnen, efoto 
Homilius, J.,.Geheimer Baurat. : 

Grofh. Generaldirektion der Badischen Staatseisenbahnen, bas 


Naeher, R., Baurat. 
KG6nigl. Bergakademie, Berlin: 
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Delegates, 
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France. 
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Gages, Lieutenant-Colonel d’Artillerie, Directeur du Cours supérieur tech- 
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Maurial, Commandant du Génie, Section technique du Génie. 


Ministere des Travaux Publics: 

Le Chatelier, H., Inspecteur général des Mines, Professeur a La Sorbonne 
et 4 l’Ecole nationale supérieure des Mines, Membre de 1'Institut. 
Mesnager, Ingénieur en chef des Ponts et Chaussées, Professeur et 

Directeur des Laboratoires a l’Ecole nationale des Ponts et Chaussées. 
Feret, R., Chef du Laboratoire des Ponts et Chaussées 4 Boulogne-sur-mer. 
Maynard, Ingénieur des Ponts et Chaussées. | 


Ministére de l’Instruction publique et des Beaux-Arts: 

Monduit, Architecte en chef des Batiments civils et des Palais nationaux, 
Professeur de construction a l’Ecole nationale des Beaux-Arts. 
Ministére de la Marine: 

Simonot, Ingénieur en chef du Génie Maritime, Cherbourg. 


Ministére du Commerce et de 1’Industrie: 
Sauvage, Professeur du cours des | Guillet. L., Professeur de métallurgie 
machines au Conservatoire Natio- et du travail des métaux au Con- 
nal des Arts et Métiers. | serv. Nat. des Arts et Meétiers. 


Cellerier, Directeur du Labora- sare Chef de section au Labo- 
toire d’essais du Conserv. ratoire du Conservatoire National 
Nat. des Arts et Métiers. | des Arts et Métiers. 

Leduc, Chef de section au Laboratoire du Conservatoire National des Arts 
et Meétiers. 

Préfecture de la Seine: 

Anstett, E., Chef du Laboratoire municipal d’essai de matériaux de la 

ville de Paris. 
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Delegates. 


Institut de France: 


Le Chatelier, H., Inspecteur général des Mines, Membre de l’Académie 


des Sciences. 
Chemins de fer de 1’Etat: 


Regimbeau, Ingénieur en chef des | 
Travaux neufs, des Voies et des 


Batiments. 


Nadal, Ingénieur en chef des Ate- 
liers et du Matériel roulant. 


Compagnie des Chemins de fer P.-L.M.: 
Cartault, Ingénieur en chef adjoint Chartiée, Ingénieur attaché au Ser- 
du Service de la Voie. vice central de la Construction 
Belanger, Ingénieur adjoint a 1’Ingénieur chargé du Controle des Travaux 
extérieurs. | 


Compagnie des Chemins de fer du Nord: 
Ronfet, Ingénieur des Arts et Manufactures. 


Société des Ingénieurs Civils de France: 
Bacleé, L., Ingénieur Civil. _Belelubsky, N., Professeur ém., 
Biard, Ingénieur Civil. St-Pétersbourg. 
Candlot, E., Fabricant de Ciment Portland. 
Guillet, L., Professeur de métallurgie et du travail des métaux au Con- 
servatoire National des Arts et Métiers. 


Comité des Forges de France: 


Saladin, Ingénieur principal aux Etablissements Schneider. 
Charpy, Directeur des Usines St-Jacques de la Compagnie des Forges de 
Chatillon, Commentry et Neuves-Maisons, Montlucon. 


Great Britain. 
War Department: 
Roberts, G. H., Assistant Mech. Engineer. 
The National Physical Laboratory: 


Rosenhain, W. 
The Iron and Steel Institute: 


Stead, J.E.. F.R.S,F.1.C.,F.C.S. | Lloyd, G.'C., Secretary. 


The Institution of Mining and Metallurgy: 


Holloway, G. T. | Bauerman, Prof. 
Harbord, F. W. 


Society of Chemical Industry: 
Bee tdogl el. ih. o., F. biti Gage, Ow: 


Lloyd’s Register of British and Foreign Shipping: 


Milton, J. T. 
The Concrete Institute: 


Dunn, William. | Kirkaldy, W. G. 
Sachs, Edwin O., F. R. S. Ed. 
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Delegates. 


Armstrong College, Newcastle-on-Tyne: 
Weighton, Prof. R. L. 


British Weights and Measures Association: 


‘Moores, George. 
British Fire Prevention Committee: 


eachs, “Edwin* O2,FR. Svea 


Italy. 
Ministére de la Marine Royale: 
Nossardi, A., Capitaine du Géniemaritime. 
Ministére de I’{nstruction publique: 
Benetti, Comm. Jacopo, Ing., Pro- | Giolitti, Federico, Docteur, Pro- 
fesseur, Directeur de T Ecole | fésseur du Polytechnicum de 
Royale des Ingénieurs, Bologne. Turin of 


Direction Générale des Chemins de fer de 1’Etat: 
Segré, Claudio, Ingénieur, Directeur du Laboratoire expérimental 4 Rome. 


Japan. 
Le Gouvernement japonais: 

Shibata, Keisaku, Dr., Professeur- | Tanaka, Fuji, Professeur-adjoint a 
adjoint a la Faculté du Genie, la Faculté du Génie, Université 
Université Impériale de Tokio. | Impériale de Tokio. | 

Ikeda, Masahiko, Ingénieur des Chemins de fer de 1’Etat. 

Okodo, Soji, Ingénieur des Chemins de fer de 1l’Etat. 


Université Impériale de Kyoto: 
Seiichi, Oi, Professeur-adjoint 4 la Faculté du Génie, 


Université die Tokio: 
Tanaka, Fuji, Professeur-adjoint a |-Shibata, Keisaku, Dr., Professeur- 
la Faculté du Génie. adjoint a la Faculté du Génie. 


Chemins de fer de 1’Etat: 


Ikeda, Masahiko, Ingénieur. | Okodo, Soji, Ingénieur. 


Compagnie des Chemins de fer de la Mandchourie méridionale: 


Hori, Kakutaro, Professeur a l'Université de Kyoto, Membre de la 
Commission des Etudes de la. Compagnie. ae 


Netherlands, 
| Kriegsministerium : ; . 
Raaymaakers, M, Hauptmann im Kénigl. , Niederl, Geniestabe, Ede. 


Delegates. 


W asserbauministerium: 


Schroeder v. d. Kolk, J., Oberingenieur bei der Reichsbeaufsichtigung 
der Kisenbahnen. 
Kolonialministerium: 


Inckel, J. E., Ingenieur Ister Kl. im Kolonialministerium. 


Ministerium des Innern: 


Kley, P. D. C., Professor der Mikrochemie an der Technischen Hoch- 


schule zu Delft. 
Konigl. Ingenieur-Institut, Haag: 


Bienfait, L., Ingenieur, Mitinhaber der Priifungsanstalt Koning & Bienfait, 
Amsterdam. 
Beton-Ausschuf des Kénigl. Ingenieur-Instituts: 
Rutgers, S. J., Ingenieur im Stadtbauamt zu Rotterdam, Privatdozent an 
der Technischen Hochschule zu Delft, Rotterdam. . 
Niederlandische Staatsbahnen: 
Joosting, P., Oberingenieur, Utrecht. | Laumans, P.C.,J.,Ingenieur, Utrecht. 
Tombe, F. J., des, Ingenieur, Utrecht. 
Hollandische Eisenbahn-Gesellschaft: 
Geesteranus, H. P. Maas, Oberingenieur, Amsterdam. 


Stadtische Bauverwaltung, Haag: 


Steen van Ommeren, F.C. J. van | Stoffels, A. J. M., Direktor der 
den, Oberingenieur im Stadt- Baupolizei. 


bauamt. 
Stadtische Bauverwaltung, Rotterdam: 


Burgdorffer, A. C., Adjunkt-Direktor im Stadtbauamt. 


My. tot Bevordering der Bouwkunst‘*. Amsterdam: 
Stoffels, A. J. M., Direktor der Baupolizei, Haag. 


Norway. 
Den Norske Regering: 


Lund, S. A., Ingeniér, Chef for Statbanernes Brokontor. 
Det kgl. norske Vejdirektorat: 
Hugo, Carl, Overingenior. 
Statsbanernes Baneafdeling: 
Lund, S. A., Ingenidr, Chef for Statsbanernes Brokontor. 
storm, Chr., Sektionsingenidr, Trondhjem. 
Statsbanernes Maskinafdeling: 
Gram, Joh., Dr., Kemiker ved Norges Statsbaner. 


Arméstyrelsen og Marinestyrelsen: 
Julsrud, O. A., Kaptejn, Kanonkontrol-Officer. 


peace 


Delegates, 


Det kgl. Fredriks Universitet: 


Vogt, Johan H. L., Professor i Metallurgi. 
Trondhjems tekniske Leeyranstalt: 


Dandy J;. GyeOwerlerer. 


Den norske Ingeniér- og Arkitektforening: 


Lund, S A, Ingeniér, Chef for | 
Statsbanernes Brokontor. 


Baalsrud, A., Avdelingsingenior, 
Statens Vejvesen. 


Stavanger Haandverks- og Industriforening: 


Holgersen, Bernhard, Malermester. 
Den polytekniske Forening: 


Simonsen, E., Kemiker. 


Den norske Feellesforening for Haandvcerk og Industri: 


Jonassen, E., Overingeniér ved 
Kverner Bruk. 
Haandveerk- og Industriforeningerne i 


Ellingsen, Asbjérn, Murermester, 


Stavanger. 
Hanssen, Ernst, Murermester, 
Bergen. 


Sparre, H. J., Arkitekt. 


Bergen, Stavanger, Skien og H6nefos: 


Thorne, A., Verksejer, Honefos. 
Thorstensen, S., Bygmester, Skien. 


Sigurdsen, S., Bygmester, Skien. 


Austria. 
K. u. k. Reichs-Kriegsministerium : 


Kodolitsch, Rich. Edler 
k. u. k. Major. 
Metz, Karl, k. u. k. Hauptmann. 
ots pis Ae 
Zweig, Heinrich, k. u. k. Oberster 


Schiffbauingenieur. 


von, 


Tonnesen, Adolf, Smedemester, 
Stavanger. 

Ceipek, Const. (Eidbegimmnan, 
k. u. k. Hauptmann. 

iegsmarine: 

Stejnar, Franz, k. u. k. Oberstleut- 


nant, k. u. k. Marine-, Land- 
und Wasserbaudirektor. 


K. k. Unterrichtsministerium: 


Kirsch, B., Professor, Ingenieur, Wien. 
K. k. Eisenbahn-Ministerium: 


Marek, Karl, k. k. Ministerialrat. 

Kulka, S., k. k. Oberbaurat. 

HauserasWdilh. ko kee Oberhau. 
rat. 


Burger, Wenzel, k. k. Baurat. 


| 


| Troka Ferd. km Baurat, Dipl. 


Ingenieur. 
Hatschbach, Franz, k. k. Baurat, 
Dipl. Ingenieur. 


? 


K. k. Ministerium fiir 6ffentliche Arbeiten: 


Exner Wilhelm, Dr., Exzellenz, 
Geh. Rat, k. k. Sektionschef, 
Prasident des k. k. Gewerbe- 
forderungsamtes. 


r 


Berger, Franz, Dr. tech? ius 
k. k. Sektionschef. 
Leobner, Heinrich, k. k. Regie- 


rungsrat, 


Haberkalt, Karl, k. k. Oberbaurat. 


he 
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Trnovsky, Johann, k. k. Baurat. 


Delegates. 


K. k. Patentamt in Wien: 


Grinhut, Alf, Ingenieur, Ober- | Arlt, Ferd. Ritter von, Kom- 
kommissar. missar. 


Technische Abteilung der k. k. Post- und Telegraphen-Zentralleitung, Wien: 
Wellisch, Ferdinand, k. k. Bau-Oberkommissar. 
K, k. Technische Hochschule, Wien: 
Secneeprrcugich: ‘Dr “Ing. hc. | Kirsoh, Bernhard, k. k. o. 6. Pro- 
k. k. Hofrat, 0. 6. Professor. fessor, Ingenieur. 
K. k. Deutsche Technische Hochschule in Prag: 
Saliger, Dr. Ing., 0. 6. Professor. 
K. k. Béhmische Technische Hochschule in Briinn: 
Ursiny, Mich., o. 6. Professor, Ingenieur. 


K. k. Mont. Hochschule, Pribram: 
Stor, Albert, o. 6. Professor, Dipl. Ingenieur. 
K. k. hoéhere Gewerbeschule, Wien: 
Pfeffer, Leopold, Dr., Professor. 
K. k. Nordbahn-Direktion: 
Dormus, Anton Ritter von, Inspektor. 
Priv. d6sterr.-ung. Staats-Eisenbahn-Gesellschaft, Wien: 


Gerstner, Franz, Ingenieur, k.k. Re- | Pfeuffer, Franz, k. k. Oberbaurat, 
gierungsrat, Generalinspektor. | Zentralinspektor. 
Podhajsky, Franz, Ingenieur, Oberinspektor. 


K. k. priv. Siidbahn-Gesellschaft: 


Berger, Franz, Ingenieur, Inspektor | Dolinar, Stefan, Dr., Direktor des 
und Bureauvorstand. Walzwerkes in Graz. 
Schiller, Oscar, Ingenieur, Direktor | Hénigsberg, Otto, Ingenieur, 
und Vorstand der Abteilung fiir Maschinen-Oberkommissar. 
Studien und Prasidialangelegen- 
heiten. 


K. k. priv. 6sterr. Nordwestbahn: 
Brejchat Karl, Zentralinspektor. 

K. k. Siid-Norddeutsche Verbindungsbahn: 
GroSmann, Josef, Oberinspektor. 

K. k. Reichshaupt- und Residenzstadt Wien: 
Greil, Alfred, stadt. Baurat. 

Landes-Ausschuf des Erzherzogtumes Osterreich u. d. E.: 

Trampler, Adolf, Ingenieur, n.-6. Landes-Baukommissar. 


Osterreichischer Ingenieur- und Architekten-Vererein: 
mor er, Pranm: Drittecn ou. c.. 3) Kirsoh, Bernhard, o. 6. Professor, 
k. k. Sektionschef. Ingenieur, 
Renezeder, Heinr., Dr. tech., k. k. Adjunkt. 
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Delegates, 


Verein O6sterreichischer Portland-Zement-Fabrikanten: 
Heller, R., Fabriksdirektor, Vizeprasident des Vereins, Golleschau. 


Portugal. 
Ministére des Travaux Publics et des Mines; 
Castanheira das Neves, J. P., Ingénieur civil, Directeur des études et 
essais des matériaux de construction de 1’Etat. 
Ministére de la Guerre: 


Salles Ramos da Costa, Francisco de, Colonel d’Artillerie, Directeur 
des usines d’artillerie a l’arsenal de l’Armée de Lisbonne. 
Compagnie Royale des Chemins de fer portugais: 
Anglards, Lavialle d’, Ingénieur 
en chef du Matériel et. ‘de ‘la 
Traction de la Compagnie. 


Fontes Herreira de, Mesgquita, 
Joao de, Ingénieur en chef du | 
Service de la Voie et des Tra- | 
vaux de la Compagnie. | 


Rotuumania. 
Ministére des Travaux Publics: 
Pfeiffer,G.,.Dr., Profegaeur (ee 
des Laboratoires d’essai de 
V'Ecole des Ponts et Chaussées. 


Mironesco, C. M,. Tispeeteur; 
général, Directeur de l’Ecole des 
Ponts et Chaussées, | 


Russia. 
Ministére des Voies de communication: 


Belelubsky, N., Dr.-ing., Professeur 
émerite, Membre du Conseil du 
génie au Ministére des Voies de 
communication, Vice-président 
de l’Association Internationale 
pour l’essai des matériaux, Direc- 
teur du Laboratoire mécanique a 
l'Institut Impérial des ingénieurs. 

Bogousslawsky, N,  Conseiller 
d’Etat actuel, Ingénieur des 
Voies de communication. 

Klemm, Conseiller d’Etat actuel, 
Premier Ingénieur a la Section 
de l’essai des commandes au 
Ministére des Voies de com- 
munication. 

Antochine, N., Conseiller d’Etat 
actuel, Ingénieur, Membre du 
Conseil du génie. 


Kareischa, S., Conseiller d’Etat 
actuel, Professeur, Ingénieur 
des Voies de communication. 


Tannenbaum, Conseiller d’Etat, In- 
génieur attaché au Conseil du 
génie au Ministere des Voies de 
communication. 


Mikhailoff, Conseiller de Collége, 
Ingénieur a la Direction des Voizs 
navigables et des Routes. 

Zalessky, S., Conseiller du Collége, 
Ingénieur a la Section pour 
l’essai des chaudiéres de na- 
vires a vapeur. 


Mourzaieff, Conseiller de Cour, 
Gérant d’affaires a la Section 
des Voies navigables et des 
Routes. 


Schmidt, Assesseur de Collége, Ingénieur a la Direction des Chemins 


de fer de 1’Etat. 


Delegates. 


Ministere de la Guerre: 
Drosdoff, Colonel, Gérant d’affaires Jitkevich, N., Ingénieur, Professeur 
au Comité principal del’ Artillerie. a l’Academie du Génie Militaire. 
Ministére de l'Intérieur: 
Zwolinsky, N., Conseiller d’Etat actuel. 
Ministere du Commerce: 
Czarnomsky, V., Ingénieur, Conseiller d’Etat actuel. 


Administration des Voies navigables et des Routes: 
Alexeéff, P., Ingénieur-mécanicien. | Bormann, A., Ingénieur. 
Zalessky, S., Ingénieur-technologue. 
Administration des Chemins de fer de 1’Etat: 
Bogousslawsky, N., Ingénieur des voies de Communication. 
Chemins de fer du Nord Ouest: 
Tschiknaveroff, A. J., Directeur du Laboratoire. 
Chemins de fer de la Vistule, Varsovie: 
Belelubsky A., Ingénieur en chef du Service de la voie. 
Chemin de fer Riazan-Oural, Saratow: 
Koscheliaeff, Ingenieur des voies de comm. 
Chemins de fer du Sud-Ouest, Kiew: 
Pogrébinsky, M., Ingénieur des voies de comm. 
Institut Impérial des ingénieurs civils: 
Ewald, V., Professeur. 


Laboratoire Mécanique 4a l'Institut Impérial des ingénieurs des voies de 
communication, St. Petersbourg: 


Novgorodsky, D., Ingénieur, Adjoint du laboratoire. 
Institut Polytechnique des Femmes, St-Pétersbourg: 
Belelubsky, N., Dr.-ing. Professeur émérite. 
Ecole Impériale des ingénieurs a Moscou: 
Welikhoff, P., Ingénieur. 


Laboratoire Mécanique 4a l'Institut Impérial des ingénieurs des voies de 
communication: 


Taguééff, Ingénieur. 
Materialpriifungsanstait am Donschen Polytechnikum, Nowotscherkassk: 
Abramoff, N. M., Professor, Ingenieur, Vorsteher der Anstalt. 


(Finland). 


Styrelsen for Finska Statsjernvagarne: 
Granfelt, Aug., Baudirektor. | Stier, k. k. Ingeniér, 


Tekniska Hégskolan i Helsingfors: 
Castrén, Jalmar, Ingenidr Sektor. | Saraoja, Emil, Ing., Larare. 
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Delegates. 


Sweden. | 
Svenska Regeringen: pA 
Lindahl, P. Ax., Ofversteléjtnant, Chef f. Arméns Kasai yponbaee 
Brinell, J. A., Fil. Dr., Ofveringeniér. 
Roos of Hjelmsater, J. O., Foérestandare for Materialprofningsanstalten 


i Stockholm. 
Kungl. Jernvagsstyrelsen: 


Tausen, A, Byradirektor. | Heidenstamm, G. Vv. ‘Byraingenior. 
Stille, F., Byraingenior. 
Tekniska Hoégskolans Materialprofningsanstalt, Stockholm: 
Roos af Hjelmsater, J. O., Forestandare. 
Jernkontoret, Stockholm: 
Brinell, J..A., Fil. Dr., Ofveringenior. ’ 
Svenska Teknologforeningen; 
Brinell, J. A., Fil. Dr Ofveringeniér. 


7 Servia. 
Faculté technique a l’Université de Belgrade: 
Tomitch, Douchan, Ingénieur, Professeur a l'Université et Directeur de 
l'Institut d’essais des matériaux a l’Université de Belgrade. 


Switzerland. 
Conseil fédéral suisse: 

Schtle, F., professeur a l’Ecole | Wei®, P., Dr., professeur a l’Ecole 
polyt. fédérale et directeur du polytechnique féd. a Zurich. 
Laboratoire féd. d’essai Zurich. 

Département féd. militaire: 

Miller, Ed., Colonel, Chef de la | Ziegler, Hch., Capitaine, Chef du 

division technique des guerres. Controle des munitions. 
Département féd. des postes et chemins de fer: 


Bolliger, O., Ingénieur de Contrdle. 

Direction générale des chemins de fer fédéraux suisses: 

Keller, Ingénieur en chef de la | Vogt, Ingénieur en chef de la 
traction. voie. 

Steiger, A. v., Ingénieur, chef de | Bertschinger, A., président de la 
administration du matériel de direction du II&™¢ arrondisse- 
la voie. ment. 

Université de Lausanne, Ecole d’Ingénieurs: 


Dommer, A., Ingénieur, professeur. 
Laboratoire fédéral pour l’essai des matériaux Zurich: 
Brunner, Ed., chef de /isection 
pour les essais mécaniques. 


Schiile, F., professeur a 1’Ecole 
polyt. fed. et directeur du 
Labor. féd. pour l’essai des 
matériaux, | 


sat Boyes 


Delegates. 


Société suisse des ingénieurs et architectes: 

Meier, Robert, Ingénieur, Directeur général’ des Usines. L-. de Roll 

Gerlafingen. 

Union suisse des constructeurs mécaniciens: 

Meier, Robert, Ingénieur, Directeur général des Usines L. de Roll a 

Gerlafingen. | 

Société des anciens éléves de 1’Ecole polytechnique de Zurich: 

Bertschinger, A., Président de la direction du [ryeme arrondissement, 

Président de la Société. 

Société des fabricants suisses de ciment, chaux et gypse: 

Haas, A., directeur de fabrique, président. 


Spain. 
Ministére de la Guerre: 

Banus y Comas, Carlos, Colonel | Rio y Joan, Francisco del, 
du Génie, Directeur du ,,Labora- Capitaine du Génie du Labora- 
torio del Material de Ingenieros“. torio del Material de Ingenieros“. 

Ministere des Travaux Publics: 


Galvez-Canero, Augusto de, Ingénieur des Mines. 
Zafra, J. M. de, Ingénieur des Ponts et Chaussées, Professeur a l’,, Escuela 
_de Ingenioros de Caminos, Canales y Puertos“. 


Laboratorio Central para Ensayo de Materiales de Construccion: 
Oliver y Roman, B., Ingénieur. 
Gouvernement espagnol: 


Marva y Mayer, J., Général du Génie, Chef de. section au Ministére de 
la Guerre, Membre de l’Académie Royale des Sciences exactes, 
physiques et naturelles. 


Hungary 
Konigl. Ungarisches Handelsministerium: 
Edvi Illés, Aladar de, Sektionsrat. | Kossalka, Jean, K6nigl. ung. Baurat. 
Gallik, Stefan, Kénigl. ung. Baurat. | Lad anyi, Eugen, Gewerbeinspektor. 
K. u. k. Reichs-Kriegsministerium: 


Kodolitsch, Rich. Edler von, | Ceipek, Const. Edler von, 
k. u. k. Major. k. u. k. Hauptmann. 
Metz, Karl, k. u. k. Hauptmann. 


K, u. k. Kriegsmarine; 
Zweig, Heinrich, k. u. k. Oberster Schiffbauingenieur. 
Stejnar, Franz, k. u. k. Oberstleutnant, k. u. k. Marine-, Land- und 
W asserbaudirektor. . 
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Delegates. 


Koénigl. Ungarisches Landwehrministerium: © 


Marothy, Koloman, de Marothegyhaza, K. u. k. Militaér-Bauingenieur. 


K6nigl. Technische Hochschule, Budapest: 


Nagy, Desider V., Konigl. ung. Hofrat, Professor. 
Rejto, A., Konigl. ung. Hofrat, Professor. 
Czako, Adolf, Professor. 
K6nigl. Hochschule fiir Berg- und Forstwesen, Selmeczbanya: 


Sobo, Eugen, Kénigl. ung. Ober-Bergrat, Professor. 
Barlai, Bela, Dr., ord. Professor. 
Faller, Carl, ord. 6. Professor und kénigl. ung. Ober-Bergrat. 


Konigl. Hauptstadtischer Baurat: 
Salkovits, Charles de, Ingénieur en Chef du Conseil supérieur des. 
Travaux publics métropolitains. 
Konigl. Haupt- und Residenzstadt Budapest: 


Szivos, Julius, Oberingenieur. Boehm, August, Ingenieur. 


Konigl. Ungarische Staatseisenbahnen: 

Geduly, Julius, Ministerialrat, Bau- | Maurer, Moritz, Oberinspektor. 

direktor. Grittner, Albert, Inspektor. 
Szlabey, Ernest, Direktor. Bermann, Max, Oberingenieur. 
Riedl, Karl, Oberinspektor. 

Zentraldirektion der Kénigl. Ungarischen Staatseisenwerke: 

Allender, Heinrich, Ké6nigl. ung. Ober-Bergrat, Eisen- und Stahlwerks— 

chef, Zolyom-Brezo. 

Osterreichisch-Ungarische Staatseisenbahn-Gesellschaft (Domfnendirektion): 

Balint, Nicolaus, Zentralinspektor, Resiczabanya. 


K. k. priv. Siidbahn: 
Breuer, Moriz, Direktor. 


K. k. priv. Kaschau-Oderberger Eisenbahn: 
Fabry, Alfred, Oberinspektor. 


Ungarischer Verband fiir die Materialpriifungen der Technik, Budapest: 


Zielinski, Szilard, Dr. Professor. 
Bresztovsky, Bela v., Dr. Dozent, 
Misangy, Wilhelm, Dr. Ing., Ingenieur der Konigl. ung. Staatseisenbahnen.. 


Landesindustrie-Verein, Budapest: 


Rejt6, A., Kénigl. ung. Hofrat, Professor. 
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Delegates. 


United States of America. 


United States Government: 


Dr. Dudley, Chas, B.,M. Am. Soc, M. E, President of the American Society 
for Testing Materials. 


United States Geological Survey (Structural Materials Testing Laboratories): 
Humphrey, Richard L., Engineer in charge. 
Forest Service, Department of Agriculture: 
Hatt, William K., Civil Engineer, Professor. 


American Institution of Electrical Engineers: 
Stephenson, H., Oddgeir. 


American Society of Civil Engineers: 
Talbot, Arthur N., Professor. 


American Foundrymen’s Association: 


Moldenke, Richard, Dr., Secretary-Treasurer, Watchung, N. J. 


National Association of Cement Users: 


Humphrey, Richard, L., President. 


Franklin Institute: 
Dudley, Chas. B.. M. Am. Soc. M. E., President of the American 
Society for Testing Materials. 
Humphrey, Richard L., Consulting Engineer, Philadelphia, Pa. 
American Society of Mechanical Engineers: 
Dudley, Chas. B., M. Am. Soc. M. E., President of the American 
Society for Testing Materials. 
American Electrochemical Society: 
Richards, Joseph W., Professor. 


American Society for Testing Materials: 
Webster, Wm. R., Civil Engineer. 


LIST OF CONGRESS MEMBERS. 


Argentine | Republic. 


Rapelli, Luis, Ingénieur, Buenos Aires, 
Rapelli, W., Buenos ‘Aires. : 


Wauters, Carlos, Ing.Civ., Buenos Aires. 
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. Australia. 
Knibbs, G, H., C. E., F.sR. A. S.,.F. S.S:, Chief of the Commonwealth’ Bureau of 


Census and Statistic, Melbourne. 


Belgium. 


Berger, Philippe, Vice-Consul de Suéde, 
Industriel, Représentant des Machines 


‘Brinell, Fremont-Derihon, etc., Char- 
leroi. 
Bogaert, R. van, Ingenieur en, chef, 


Directeur de service a la Direction 
genérale des Chemins de fer de 1’ Etat 
Belge, Bruxelles, 

Camerman, Emiile,.Ingénieur, Chef du 
Service des Essais des Chemins de 
fer de l’Etat Belge, Bruxelles. 

Carton. Léonard, Ingénieur (Ateliers 
de constructions L. Carton, spécialité 
de matériel pour fabriques de ciment), 
Tournai, 

Coulier, Sylvain, 
toire d’Essais, 
(pres Bruxelles). 

Decamps, Pierre, Ingénieur principal des 
Chemins de fer del’ EtatBelge,Bruxelles, 

Derihon, Ernest, Administrateur des 
Usines G, Derihon, Liége. 

Derihon, Martin ,Administrateur-délégué 
d. UsinesG. Derihon, Loncin-les-Liége, 

Galopin, Alexandre, Ingénieur, Sous- 
Directeur de la Fabrique Nationale 
d’ eae de Guerre, Liege. 

Gody, J., Ingénieur, Directeur au Mini- 
stere. des Cheming de fer, Postes 
et Télegraphes, Bruxelles, 


Berchem-Ste-Agathe 


Ingenieur, Labora- . 
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Gorski, Henri de, Ingénieur, Secré- 
taire particulier de Directeur-Générab 
de la Société Cockerill, Seraing, «' 
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First General Meeting, Tuesday September 7th- 


Held in the Reading Room of the Royal University. 
Meeting opened at 10 a. m. 


The King and Royal Family assisted at the opening meeting. The 
following Honorary Members of Congress were also present: 

Hi. E. the Minister President of Council Count Holstein-Ledreborg, 

H. E. the Home Secretary Klaus Berntsen, 

H, E. the Minister of National Defence J. C. Christensen, 

H, E. the Secretary of State for Foreign Affairs Count C. W. 
Ah/efe/dt-Laurvingen, 

H. E. the Minister of Public Works 

the Town Chief-President Mr. Oldenburg, 

Government Representatives and other Delegates and Congress 
Members, who occupied every available space. The gallery was also 
occupied by a great number of distinguished guests. The Association of 
Students of the Academy gave a cantata composed and set to music for 
the occasion by Mr. Brégh which formed a most fitting opening to the 
sitting. 

The President of the Association, Mr. Foss, took his 
stand on the platform and asked His Royal Highness Crown 
Prince Christian, as Honorary President of the Congress, to kindly 


address the Meeting. 


His Royal Highness Prince Christian said: 


“The importance of material testing is, one may say, 
“universally recognised. Governments have taken in hand 
“the controlling of materials in order to secure their good 
“quality. The fact that methods of testing are dealt with 
“by an International Congress affords a fresh proof of 
“the solidarity which exists among nations, which thus 
“attach value to working in agreement in this field as in 
“many others to the interests of peace. 
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“The very large number of representatives present at 
“this Congress forms a Significant evidence of this fact; 
‘7ts reality is sufficiently shown by the large gathering of 
“prominent members from all countries whom we see 
“here to-day. 


“In the name of my countrymen I beg you welcome 
“and I express the wish that the results of the proceedings 
“upon the questions on the programme ay, ats most 
“completely ‘satisfactory. 


~“With the expression of this wish, and speaking in 
“the name of His Majesty the King, Patron of the Fifth 
“International Congress for the Testing of Materials, | 
“declaré this Congress open.” (Enthusiastic applause.) 


“Mr. Foss, the President of the Congress, then made the 
following. speech: 


Your Majesties! 
Your Royal Highnesses! 
Gentlemen! 


In the name of the International Association for Testing 
Materials, and more especially in that of the members of the 
present Congress, I beg leave to tender to Your Majesty our 
deepest thanks for the very high honour which has been con- 
ferred upon us by Your Majesty gracefully accepting to act as. 
Patron of the Congress and to be present at the opening session. 

The aim which our Association has in view, the international 
unification of the methods of testing materials of all classes, and 
the problems which are before us, are of the greatest importance 
in regard to engineering and the advancement of technical know- 
ledge, and it is hoped they will be brought much nearer to a 
solution by the work of the present Congress. Since, however, 
they have not received general publicity, the graceful interest which 
has been shown by Your Majesty to the work of this Congress is of 
immense value to our Association, and one of its effects will be 
to greatly facilitate our task, inasmuch as it will direct public 
attention to our efforts. 

The engineers who are here gathered from all parts of the 
world beg therefore to thank Your Majesty for the interest which 
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Your Majesty has been graciously pleased to show in the work 
which lies before us. . 

Gentlemen, let us express our thanks by giving three cheers 
to His Majesty, the King of Denmark. Long live His Majesty 
King Frederik! (The whole assembly responded with enthusiasm. y 

In the name of:the Association I beg to thank Her Majesty 
the Queen and the Roval Family for their presence. | thank also 
Your Royal Highness for having consented to be the Honorary 
President of the Congress and for the welcome which Your 
Royal Highness has kindly extended in such graceful terms to 
the members of the Congress present. 

I thank our Honorary Members, the Secretary of State for 
Foreign Affairs, the Home Secretary, the Minister of Public Works 
and the Minister for National Defence, for the support they have 
been pleased to give us; the Presidents of both Houses of Parlia- 
ment for their kind aid; the Town Chief-President for the very 
great services afforded us by the Town of Copenhagen. Had it 
not been for the kindness which it has received from all these 
Authorities, the Organising Committee would have been unable 
to fulfil the necessary preparatory work for holding the Congress. 


In the name of the Association I welcome the very numerous 
Government delegates and express the hope that you, Gentlemen, 
will take home with you a favourable impression of the way 
in which we deal with the important problems which lay before 
us, with the result that Governments will afford to us in a larger 
measure than in the past their aid towards the attainment of our aims. 

In the name of the Council I now turn to the Members 
of the Association and am thankful for the large number of dele- 
gates present, representatives of numerous corporate institutions 
and individual members who work in conjunction with our 
Association. 

The presence of approximately nine hundred members, 
seven hundred of whom have come from abroad, a much larger 
attendance than that of the former, already largely attended, 
Congresses, affords a most pleasing sign for the further develop- 
ment of our activity. 

I welcome specially the goodly attendance of British Delegates; 
the coming together of the Continental European nations with the 
English speaking world to take in hand and to decide in common 
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the problems before us, forms one of the most important features 
of this Congress. 


Since the most satisfactory fourth Congress which took place 
in Brussels in 1906, the International Association for the Testing of 
Materials, farfpom havingremained atastandstill, has greatly developed. 

Scientists and Engineers of all nations have eagerly dealt with 
the subjects on our programme, and the lively exchange of views 
and of experimental results which is greatly encouraged by our 
Association has had for effect to greatly stimulate further research 
work. This has increased the activity of the existing national 
institutions and has led to the formation of other new and important 
institutions in Italy, Austria and Russia. 

In no way has this decreased the weight that attaches to the 
International Association as a body, on the contrary, the importance 
of the unification of testing methods and testing conditions is 
becoming more and more generally recognised. 

An excellent proof of the energy which is being displayed 
in every land for solving the questions before the Association is 
afforded by the large number of reports dealing with most important 
questions in material testing and which have already been handed 
in for consideration at the meetings of the present Congress. 

The International Committees appointed by the Association 
for solving several of the problems which are before us have 
continued their work for the past three years. The reports sent to 
the Congress by the committees referred to show that a number 
of questions have been brought nearer to a solution: in some of 
these are to be found recommendations the acceptance of which 
by the Congress will, without doubt, have important results. In 
this connection I may mention the work of Committee I, on Inter- 
national specifications for iron and steel. 

With regard to the work of the Council, this is set forth in 
a printed report and I shall not enter into it in detail. I should 
like to mention, however, the starting by our Association of a 
journal in three languages; this will not only greatly contribute to 
unite the members together, but will form an international medium 
of high scientific and technical value. 9a 

The increased activity on the part of the Association and in 
a large measure also the publication of this journal, will have for 
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effect to cause greater demands to be made upon the funds of 
the Association. We shall not be able to meet these demands with 
the present very moderate annual contribution notwithstanding the 
increase in Membership, and the Council therefore decided yesterday 
to raise this from 7.50 Frcs. to 10 Frcs. annually. 


The work of our Congress is distributed over three sections 
and I have now the pleasure of naming the following Honorary 
officers. 


Honorary Secretaries of the General Meeting. 


Mr. Brignon, Colonel, Directeur des Ateliers de 1’Artillerie 
a Puteaux. 
Mr. P. D. C. Kley, Professor of the Technical College, Delft. 
Mr. G. C. Lloyd, Seretary of the Iron and Steel Institute, 
London. 
Mr. A. Greil, Baurat, Leiter der stadtischen Versuchsanstalt, 
in Wien. 
Honorary Presidents. 
Section A (Metals). 
Austria: His Excellency Geheimrat, Sektionschef Dr. Wi/he/m 
Exner, Vienna. 
Belgium: Léon Thirionet, Chief Engineer, Director of the Belgian 
State Railways, Brussels. 
Denmark: G. A. Hagemann, Director of the Technical High 
School, Copenhagen. 
France: H. Le Chate/ier, Inspecteur Général des Mines, Membre 
de l’Académie des Sciences, de 1|’'Institut de France, Paris. 
Germany: Wirkl. Geheimer Oberbaurat Dr. H. Zimmermann, 
Perlin. 
Seem vitcin: Jy. Stead, boo. Sy.lLondon. 
Holland: J. Schroeder van der Kolk, Govt. Engineer, the Hague. 
Hungary: Geduly Gyula, Ministerialrat, Director of the Royal 
Hungarian State Railways, Budapest. | 
Italy: St. Fadda, Ingenieur-Directeur, Rome. 
Norway: /. £. Gunstensen, Director, d. Technischen Lehranstalt, 
Trondhjem. 
Russia: His Excellency D. Tschernoff, Professor, St. Petersburg. 
Sweden: Chief Engineer /. Brine//, Stockholm. 
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Switzerland: Julius Weber, President of the Swiss Locomotive 
Works, Winterthur. 

United States of America: Wm. R. Webster, Consulting 
Engineer, Philadelphia. 


Honorary Presidents. 
Section B (Stone, Cements, etc.). 
Austria: Sektionschef, Dr. Franz Berger, Vienna. 
Belgium: Van Wo/som, Engineer, Brussels. 
Denmark: H.C. V. Méller, eae Chief-Constructor, Copent 
hagen. 
France: &. Feret, Directeur du Laboratoire des P. ERS ee! 
Boulogne-sur-mer. ie 
Germany: Geheimer Oberbaurat W. Germe/mann, Berlin. 
Great Britain: Edwin O. Sachs, F.R. S., London. 
Holland: M. Haaymakers, Captain of the Corps of Engineers, 
the Hague. 
Hungary: Hofrat, Professor Desider von Nagy, Budapest. 
Italy: Claudio Segré, Director of the State Railways, Rome. 
Norway: Professor /. H. L. Vogt, Christiania. 
Russia: W. Czarnomsky, Ingénieur Conseiller d’ Etat,St.Petersburg. 
Sweden: P. Axel Lindhal, Senior Lieutenant, Stockholm. 
Switzerland: Director Haas, President of the Swiss ——— 
of Cement Manufacturers, Dittingen. 
United States of America: Rich. L. Humphrey, Cansurting 
Engineer, Philadelphia. 


Honorary Presidents. 
Section C (Various Materials). 
Austria: Heinrich Zweig, Chief Government Naval Architect, 
Vienna. 
Belgium: &. Camerman, Chief of the Testing Department, 
Belgian State Railways, Brussels. 
Denmark: Prof. N. G. Steenberg, Copenhagen. 
France: F, Ce/lerier, Directeur du Laboratoire d’Essais du Con- 
servatoire National des Arts et Métiers, Paris. 
Germany: Wirkl. Geheimer Oberbaurat Ve/th, Berlin. 
Great Britain: J. T. Milton, Delegate of Lloyd’s Register of 
British and Foreign Shipping, London. 
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Holland: A. J. M. Stoffels, Government Director of Construction, 
the Hague. 

Hungary: A. Grittner, Inspector of the Royal Hungarian State. 
Railways, Budapest. 

Norway: £. Simonsen, Chemical Expert, Ciiisivaflice 

Russia: Prof. A. Kroupsky, St. Petersburg. 

Sweden: Chief Engineer /. Brine//, Stockholm 

Switzerland: .Ke//er, Chief Engineer Swiss Federal Railways, 
Bern. 

United States of America: W. K. Hatt, Civil Engineer, Pro- 
fessor, Lafayette, Ind. 


Honorary Secretaries. 
Section A (M-tals). 
Belgium: A. Ga/opin, Sub-manager of the National Small Arms 
Factory, Liége. 
Germany: Prof. Dr. E. Meyer, Techn. High School, Charlotten- 


burg. 
Great Britain: Dr. Wa/ter Rosenhain, National Physic. paige 
Teddington. 


Holland: P, Maas Geesteranus, Chief Engineer Dutch Railway Co., 
Amsterdam. 

Hungary: Dr. W. Misangyi, Engineer, Budapest. 

Italy: F. Gio/itti, Dr., Prof., University, Turin. 

Norway: Chr. Storm, Engineer, Trondhjem. 

Russia: His Excell. K/emm, Governor Councillor, St. Petersburg 

Switzerland: Prof. Dr. P. We/®, Federal Politechnikum, Zurich. 


Honorary Secretaries. 
Section B (Cements). 
Belgium: £m. Hiertz, Chief of Blast Furnace Dept., Cockerill 
Works, Seraing. 
Germany: Prof. Max Moller, Techn. High School, Brunswick. 
Holland: J/. A. v. d. Kloes, Professor, Techn. High School, Delft. 
Hungary: Dr. B. v. Brzesztovsky, Lecturer Techn. High School, 
- Budapest. 
Italy: G. Revere, Professor, Milan. 
Norway: J. G. Lund, Professor, Trondhjem. 
Russia: Prof. P. We/rkhoff, Engineer, Moscow. 
Switzerland: &. Frey, Director Cement and Lime Works, 
Luterbach. | 
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Honorary Secretaries. 
Section C (Various Materials). 
Belgium: H. de Gorski, Engineer, Private Secretary to the 
Director of the Cockerill Works, Seraing. 
Germany: Prof. Dr. Hinrichsen, Gro&-Lichterfelde. 
Hungary: Franz Just, Chief Engineer, Hungarian State Railways, 


GyOor. | 
Norway: Joh. Gram, Dr., Chemist, Norwegian State Railways, 
Christiania. 


Russia: A. Bormann, Engineer, St. Petersburg. 


Members of Council who open the Sections: 


Section A: Geheimrat Prof. Dr. A. Martens, Gr.-Lichterfelde. 
: B: Profs Fv Schtite, Zurich: 
4 C: Prof. A. Mesnager, Paris. 


Honorary Treasurers: 


Director A. Granfelt, Helsingfors. 
Engineer L. Bienfait, Amsterdam. 
Engineer S. A. Lund, Christiania. 


The following Gentlemen are the Chairmen in charge of the 
Sections: . 

Section A: Director O. F. A. Busse, of the Danish State 
Railways, Copenhagen. 

Section B: Captain T. Grut, Copenhagen. 

Section C: Commander B. Mtinter, Copenhagen. 


I beg these Gentlemen to kindly take up their office and so to 
assist their respective sections that the important transactions of the 
latter may lead to most complete results, notwithstanding the difficulty 
of carrying out the discussions in three languages. The organising 
committee has endeavoured to secure the best possible arrange- 
ments for the work of the different sections, in order that our 
Congress may fulfil its main object and be a working Congress. 

Our achievements on this occasion will, so to speak, mark 
a jubilee, since the “foundation stone“ of the Association was laid 
twenty-five years ago: 

In September 1884 a number of independent gentlemen, 
passionately devoted to scientific questions, met together at the 
invitation of Bauschinger, in order to devise the best methods 


aed ge hae 


First General Meeting. 


for testing, and to unify the testing of materials. The first meeting 
took place in Munich exactly twenty-five years ago and the Inter- 
national Association for the Testing of Materials has sprung from 
this first meeting. It gives us very. great pleasure to add that 
from among the seventy-nine scientists who were at the first 
meeting, standing so to speak at the cradle of the Association, 
we are now able to greet several who are present here to-day 
and who have accompanied the Association all the way, furthering | 
its cause. These Gentlemen are our two Vice-Presidents, Geheimrat 
Martens and His Excellency Prof. Belelubsky, His Excellency 
Prof. Exner and Dr, Engineer R. Dyckerhoff. 

Several of the problems which were brought up in 1884 
are still occupying the attention of the Association. At that early 
date, Prof. Exner had already placed prominently on the pro- 
gramme of questions to be dealt with the subject of microscopical 
investigations into the components of metals, which has since 
acquired such a great importance. We see also in our past 
president, Mr. Berger, one of the first contributors to the problems 
of stone and mortar tests. 

Our Congresses differ from most other International Con- 
eresses in that they deal with points of international agreement 
which, although not issued in the authoritative terms which are 
used in all questions of law, are gladly followed by the technical 
world and by us, engineers, who have been brought up in sub- 
mission to the Natural Laws. 

Such agreements are not easy to arrive at and should not 
be decided upon in a hurry. They necessarily encounter many 
difficulties in their application owing to the variety in practical 
methods and industrial interests in the different countries. Where 
complete agreement has been reached, a very satisfactory state 
of matters has been the result. At the present time, when so 
large economical and national interests are involved, nothing is 
more important than arriving at an understanding in regard to 
technical questions. 

The beneficial results which are achieved by our Association 
and our Congresses are felt far beyond the sphere of the technical 
world; they influence the home life of nations; they make for 
concord by establishing peaceful and friendly intercourse on 
weighty interests of an economical nature. We work therefore at 
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one and the same time for progress in technics and: for the peace 
of the world. 

It is our hope that the Fifth Congress will add a valuable 
contribution to this noble object. (Enthousiastic applause.) 


Mr. Poul Larsen then read the following report on the 
Development of the Danish Cement Industry: 


The Development of the Danish Cement Industry. 


On account of her natural climatic and geological conditions, 
Denmark has in the past and will in the future, in a large mea- 
sure depend upon agriculture as her principal trade occupying a 
very large part of the population. The industrial development of 
Denmark will naturally, therefore, lie in the direction of refining 
the agricultural products, as the Danish soil only offers a small 
foundation for the development of a mining industry in the ab- 
sence of accessible minerals of any commercial value. Limestone 
is one of the few exceptions to this rule, as lime form the im- 
mediate sub-soil of Denmark and is in many places accessible at 
varying depths, in some cases as a formation of chalk outcropping 
at the surface, as for instance in the northern part of Jutland, in other 
cases in deeper lying strata covered by the deposits of the glacial 
period. It is on the occurence of the chalk, in a condition suitable 
for technical purposes, that the Portland cement industry of 
Denmark is based. 


This industry, which has now reached a high degree of per- 
fection has mainly been built up during the last 20 years, often 
under most difficult conditions, and without any support whatever 
from the State in the shape of a protective duty, or in any other 
way, but constantly contending against the strong competition from 
surrounding countries, most of which are protected by high tariffs, 
and which formerly provided Denmark with the largest part of 
the cement which it consumed. 


The following figures will illustrate the development during 
the past 20 years: 


In the year 1889 the total production in Denmark was 
115.000 barrels Portland cement; the importation being 135.000 
barrels. 
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In the year 1908 the total production was 1,560.000 barrels, 
of which 1,110.000 barrels were sold in Denmark and 410.000 
barrels were exported, whereas the importation had decreased to 
less than 100.000 barrels. 


The present capacity of the Danish cement factories ise 
however, 2,600.000 barrels, or more than twice the consumption 
of the country. 


A drawback for the success of the cement trade lies in the 
circumstance: that the country is absolutely devoid of water power 
and coal, wherefore the fuel, which is so important a factor for 
this trade, must be imported from abroad; but here the cement 
manufacturer met with the extraordinary difficulty that the State 
imposed an import duty on coal and thus made this very 
important raw material still more expensive. Similar conditions 
have prevailed in respect of material for packing, such as staves 
for casks, iron hoops and bags, on which articles a proportionately 
high import duty was levied by the State, whereas on the other 
hand the foreign cement, inclusive of its packing, has always been 
imported free of duty into Denmark. It is, therefore, a fact that 
the Danish State has handicapped the Danish cement industry to 
the advantage of the foreign manufacturers, and it was not until 
the 1%t of January this year that the effect of this absurdity was 
diminished by the passing of the new Danish tariff. On the other 
hand most of the countries to which Portland cement could be 
exported from Denmark on account of the natural geographical 
conditions have protected their industries by high tariffs. This is 
the case for instance in Norway, Sweden, Russia, France, Spain, the 
United States of America, and Canada, etc., whereas only England, 
Germany, Belgium and Holland have no duty on cement. The 
conditions have then been most unfavourable for Denmark in these 
respects, and it is in view of these facts that the development of 
the Danish cement industry must be considered. 


In spite of these difficulties the Danish cement industry has 
now reached a standpoint from which it is able to cope with the 
industries of the surrounding countries. This is mainly due to the 
advanced state of its technical development, which is obtained to 
a large extent by the constant introduction of new and original 
inventions. 
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A report on Danish cement manufacture will then naturally 
to a large extent be a report on Danish technical improvements; 
but the country and its trade are too small to show the value of 
these improvements with sufficient clearness. Only in demonstrating 
the influence which these improvements have had on the deve- 
lopment of the industry in the larger countries will it be possible 
to throw sufficient light on the question, 


The Portland cement industry of Denmark originated in 1868 
when the small factory “Hertha* on Seeland was built. This factory as 
well as the second works “Rodvig*, also on Seeland, never attained 
any prominence. Both factories stopped about 20 years ago. 

The seven factories now existing are all situated in the 
northern part of Jutland at the Limfjord and the Mariagerfjord. 
These works came in existence in the following order: “Cimbria‘, 
in 1873, “Dania“, in 1887, both at Mariagerfjord, “Aalborg Port- 
land Cement Works“, in 1889, “Danmark“, in 1898, “Norden“, in 
1901, “Norresundby“, in 1907, all lying at the Limfjord, and 
“Kongsdal*, in 1908, at Mariagerfjord. 

The earlier works including “Cimbria“ and “Dania“ were 
all operated on the “thin slurry process“, which was generally 
used for many years in the cement producing countries of 
northern Europe. The raw materials were dissolved and mixed in 
wash mills with a large proportion of water, and the slurry was 
run into open basins, where it was left for a very long time until 
the solid part of the slurry had precipitated, whereupon the 
surplus of water was drained off. The slurry was afterwards dug — 
out of the basins in a soft state, formed into bricks and dried in 
open sheds or in tunnel dryers, before the burning could take 
place. This whole process was very troublesome, required a con- 
siderable time and much labour, and limited the operation of large 
parts of the factories to a single season. 

This “thin slurry process“ has been improved to some extent, 
especially in England through the introduction of the Chamber 
kiln, in which the slurry is dried out artificially by the waste 
heat from the shaft kilns. A more continual operation is obtained 
thereby, the labour is somewhat reduced, but the manufacturer 
is forced to use the expensive coke as fuel and cannot avail 
himself of modern fuel saving kilns. 


PS. Fae oe 


First General Meeting, 


Notwithstanding these difficulties the “thin slurry process“ 
has been adhered to in many places up till recent years, and the 
Chamber kilns are still in existence in England, although they are 
now largely being abandoned. 

With the building of the “Aalborg Portland Cement Works“ 
the Danish cement industry entered quite original paths. The 
problem of making Portland cement out of soft, moist raw materials, 
on a continuous process independent of climatic and atmospheric 
disturbances was solved by introducing the “Dry PYOcess*. 

Instead of dissolving chalk and clay together in water, these 
materials were dried separately in two large drying towers ot 
special design, large enough to enable the total quantity of the 
respective materials to pass through them. — Afterwards the raw 
materials were mixed and ground together in a dry state. The 
introduction of the “dry process“ at “Aalborg“ gave very good 
results, and a considerable saving of cost in the manufacture as 
compared with the “thin slurry process“ was therefore effected. 


About the year 1890 the old discontinuous shaft kiln formerly 
in use everywhere on the continent had been abandoned, and the 
so-named Dietzsch kiln was generally adopted. The Dietzsch kiln 
worked continuously, but had a rather small capacity and required 
a considerable amount of labour in attendance. In designing the 
“Aalborg Portland Cement Works* a new type of kiln was 
adopted, the so-called “Aalborg“ kiln, which originated from 
Germany and was invented by Mr. Schoefer in Itzehoe. The 
kiln was, however, in its early form quite unusable, and it, there- 
fore, never attained any success in Germany. After unsuccessful 
trials at “Aalborg“ the kiln was completely rebuilt and proved in 
its new form to be a complete success. The kilns have been in 
constant operation at “Aalborg Portland Cement Works“ from 1891 
until the beginning of 1909, i. e. during 18 years, and have been 
working with a coal consumption of only 13 per cent., a result 
hardly obtained in any other continuous shaft kiln. | 

The adoption of this kiln had the great advantage that all 
the cement burning could be accomplished by the use of coal’ 
alone, thus rendering the expensive coke production unnecessary, 

The “Aalborg* kiln has since undergone several modifications, 
one form of which, named the “R* kiln, demands attention on 
account of its very large capacity. In some of the American 
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cement works the “Aalborg“ kiln has been provided with suction 
draught, whereby its capacity has been largely increased. After 
the success which was obtained in the “Aalborg Portland Cement 
Works“ with this kiln it has been adopted to a large extent in 
the foreign cement industry. More than 90 kilns have been built 
in all European countries, the United States of America, Canada 
and China, corresponding to an annual output of more than 
3,000.000 barrels. 


In using the dry process, it is always necessary to add a 
certain amount of water to the dried raw material in order to form 
it into bricks. Only in this form is it possible to treat the raw 
materials in the shaft kilns, The water added must, however, be 
evaporated again before the burning, and this means, therefore to 
some extent a loss in manufacture. This circumstance was utilized in 
the first extension of the “Aalborg“ factory to obtain a larger 
production in a very cheap way by introducing a combined wet 
and dry method. Wash mill practice had attained a high degree 
of perfection in the clay brick manufacture in Denmark, where 
the clay is often very impure, and the experience gained in this 
industry was now utilized in cement manufacturing by the pro- 
duction of a chalk and clay slurry of very thick consistency. This 
thick slurry was mixed together with the raw meal from the old 
factory working on the dry method. In this way a stiff plastic 
mass was obtained which could be made into ordinary wirecut 
bricks, and which furthermore gave a much stronger brick than it 
had formerly been possible to obtain by pressing the dry raw 
meal alone. The introduction of this combined wet and dry method 
eliminated all the drawbacks of the thin slurry method and the 
dry process, and retained their advantages and after the introduction 
of this combined method the “Aalborg kiln yielded, on account 
of the stronger bricks, a much larger output than formerly. More- 
over this method paved the way at the “Aalborg Portland Cement 
Works* for the introduction later on of the thick slurry method 
now generally adopted, and used in connection with burning 
in rotary kilns. 


At the same time as the treatment of the raw materials and 
the burning of these developed on the lines just mentioned, the 
grinding of the cement clinker underwent an epoch-making change. 
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Up to the year of 1892 the grinding of the cement clinker was 
generally effected in machines adapted from flour milling methods. 

The continuous ball mill, which originated in Germany, 
where it was termed ,Kugelfallmuhle*, formed an exception. This 
machine was, however, not well adapted for fine grinding of 
cement, as the fineness was obtained in sifting the cement, and 
this operation could not be performed with advantage together 
with the grinding in one operation. As the requirements for fine 
grinding were raised, the insufficiency of all the existing machines 
for fine grinding became more apparent. 


At this time the Danish civil engineer, F. L. Smidth, had 
invented the so-called Sand Cement, a mixture of sand and cement 
ground together to an impalpable powder, which in spite of its 
large content of sand showed quite remarkable strengths. All the 
machines then known were quite inefficient for making this product 
in an economical way, until a new machine was tried, which was 
invented and patented by the Danish civil engineer, Mr. M. David- 
sen. This machine, which was called the Tube mill, was capable 
of grinding to any required fineness with the total elimination ot 
all sieves. It therefore proved to be of great advantage not only 
for the manufacture of sand cement, but also for the grinding of 
Portland cement. Its grinding effect was so great that about 
50 per cent. of the horse-power required was saved as compared 
with most grinding methods used formerly. It is now generally 
adopted throughout the entire cement industry of the world, and 
its name is used in characterizing a whole class of machines. The 
Tube mill is distinguished by its eminently simple design, its large 
capacity, steady running, small repairs, and the extreme fineness 
and uniformity of its product, and it has therefore had the greatest 
influence on the development of the Portland cement industry in 
all countries after having been introduced first in the Danish 
cement industry. Being at first adopted for the grinding of the 
burnt product, called cement clinker, its use has later on been 
extended to the grinding of raw materials and slurry, and also for 
the grinding of powdered coal for burning in rotary kilns, so that 
this machine is now used in its different forms in all the various 
departments of the cement factory. Its value is possibly best 
demonstrated when it is considered that now 1391 Tube mills ot 
Danish origin are running in 108 factories in the United States 
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of America and Canada, in 328 factories in Europe and in 
21 factories in India, China, Japan, Australia, South-Africa and 
South-America. The total horse-power required by these machines 
is about 75.000 and their annual output calculated on Portland 
cement clinker-is about 30 million tons or 180 million barrels. 

The Tube mill is only intended to perform fine grinding, 
which means the reduction of the material from a coarse to a 
fine powder. A preliminary treatment of the materiel tu change 
this from fairly large pieces down to a coarse powder of uniform 
fineness is therefore necessary. To perform this work, a continuous 
machine, called the Kominuter or Kominor, has been invented 
by the Danish engineer, Mr. Poul Lindhard. This machine is in 
operation far superior to the ball mill mentioned before, more 
especially after having been provided with the new sifting system, 
called the Fasta sieves, invented by the Danish engineer, Mr. 
Fasting. The Kominor as well as the Tube mill has been largely 
adopted by the world’s trade, and is now used to the number of 
463 in 194 works in all the countries in Europe and America, 
and with an annual output corresponding to 13°5 million tons or 
81 million barrels of cement. 

It is only possible here to mention these main features of 
the improvements, on which the Danish cement industry has been 
built up, but in addition to these there are a great number of 
important original smaller machines and apparatus, which 
originated in the Danish cement factories, and later on have been 
introduced into the cement trade of the world. 

During the year of 1898 there commenced at the “Aalborg 
Portland Cement Works* the radical change in the manufacturing 
methods which later on was followed in the cement industry of 
Europe, and which now gives this industry its feaiure, viz. the 
introduction of the rotary kiln. 

The rotary kiln provided a means of burning the cement 
raw material in the shape of a powder or slurry, thus totally 
eliminating the manufacturing department where the raw material 
is made into the shape of bricks necessary for the burning in 
Shaft kilns. Its introduction meant, therefore, a great simplification 
of the manufacture. 

The rotary kiln for cement burning originated in England, 
but was there never carried beyond the trial state into practical 
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use. The principles of the rotary kiln are laid down in English 
patents for 1877 and earlier years. The trials which were made 
much later in Germany, have also been without any very 
great influence upon the development of rotary kiln practice. 

It is beyond any doubt due to the Americans that the rotary 
kiln was brought into a form suitable for the cement industry. 
It is easy to understand why this new invention was met with so 
much more interest in America than in Europe, and why the 
Americans carried all the preliminary trials through with so much 
energy in spite of heavy expenses and failures. If the cement 
industry in the UnitedStates had been based on the methods developed 
in Europe this trade would have been heavily handicapped by the 
high price for labour in America and by the necessity of procuring 
in a short time a large staff of skilled, well-trained men; whereas 
on the other hand the question of fuel economy was a question 
of smaller consideration on account of the low prices for fuel in 
America. The rotary kiln thus promised to meet the American 
demand, as its successful introduction was to result in simplifying 
the manufacture, totally eliminating the labour-consuming brick 
department and very greatly reducing the labour in the kiln 
department. , 

The rotary kiln was introduced in America at the close of 
the eighties. Its practical value being proved, the rotary kiln 
gained rapidly in use in spite of its heavy fuel consumption, and 
it is without any doubt due to this kiln that the American cement 
industry has attained its present phenomenal extension. 


From the introduction of the rotary kiln in America and up 
to the year of 1897 the fuel used for the rotary kiln was crude 
oil, which was obtainable at a reasonable price near the American 
oil districts, but which it would have been very difficult to use 
in most parts of Europe on account of its high price. However, 
about the year 1897 the price of crude oil in America was raised 
to such an extent that it was necessary to try to replace it by 
powdered coal, and as soon as this had been done successfully 
the rotary kiln was brought into a shape, which opened up the 
possibility of using it to advantage in Europe. 

The rotary kiln practice in America had been closely follo- 
wed in its development by the “Aalborg Portland Cement Works", 
and at the moment when coal dust firing had been successfully 
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tried the necessary steps were taken to introduce it in Denmark, 
and a contract was closed to this effect at the beginning of the 
year 1898. 

Rotary kiln practice in America was, however, mainly based 
on burning cement manufactured on the dry method, as all the 
factories in the eastern part of America are mainly concentrated 
in the Lehigh valley in Pennsylvania, where the raw material 
consists of a dry argillaceous limestone. There were a few factories 
in Ohio working on the wet process because the raw material 
there consits of marl, a material containing a large amount of 
water, and which is moreover often dug below water. This material 
contains so much water that it is necessary to work it as a thin 
slurry with at least 50—60 per cent. of water, and as all this 
water had to be evaporated in the rotary kiln afterwards this 
process could not be very economical and could not at all have 
answered the purpose in Europe. 

When the rotary kiln, therefore, was introduced at “Aalborg 
Portland Cement Works“ it met here conditions different from 
those prevalent in America. In addition to the saving in labour 
which the rotary kiln could effect, it was equally important here 
to obtain the best possible economy in fuel. 


For this reason the “thick slurry process“ hitherto success- 
fully carried on at “Aalborg Portland Cement Works“ was also 
adopted for the new rotary kiln departement as providing the 
means for preparing the raw materials in the cheapest and most 
reliable way and with the least possible amount of water. 

The “thick slurry process“ in connection with rotary kilns 
has in the last 10 years been constantly improved and has now 
been adopted by the entire Danish cement industry. The new 
factories: “Norden*, “Norresundby“ and “Kongsdal*, are based 
on this process, and the other factories have abandoned their old 
way of manufacture and rebuilt their plants in accordance with 
this method. . 

The improvements introduced in the rotary kiln have resulted 
in a much better fuel economy and a much higher capacity than 
formerly obtained. The rotary kilns imported from America were 
20 metres long with 1°8 metres diameter and yielded a daily 
output of about 150 barrels with a. coal consumption of 55—40 
per cent., whereas the modern Danish kilns are 50 metres long 
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and 2,7 metres in diameter, and yield an output of more than 
600 barrels with a coal consumption of only about 25 per cent. 
The thick slurry process combined with fuel saving rotary kilns 
affords so great advantages in the manufacture, that this process 
is now largely adopted by foreign factories not only for moist 
and soft raw materials, but also to a large extent where dry raw 
materials are used. 


As an illustration I might mention that a very large number 
of rotary kilns operated on this Danish practice are running at 63 
cement works in all European countries with an annual capacity 
of about 14 million barrels. 


The present standpoint of the trade, compared with the 
conditions prevailing 15 years ago, may briefly be described by 
stating the following facts: 


The manual labour necessary within the factories themselves 
has been reduced to about one sixth of what it was formerly. 
Where in the year 1897, 1200 men were required for producing 
the cement now utilised in Denmark, 200 men are now able to 
do the work. 


The total fuel consumption per barrel of cement produced 
is now no higher using the rotary kiln than it was when using 
the continuous shaft kiln in connection with Tunnel driers. 


The first cost of plant has been reduced to less than half 
of what it was formerly. 


It is not likely that future improvements will bring about 
any radical change or saving in the Danish thick slurry method 
for the reason that labour has already been reduced to a minimum 
and the sources through which a saving in fuel might still be 
obtained are very limited. 


It may then justly be said that the Danish cement industry 
of to-day rests on a sound foundation. Its present capacity is 
about 2,600.000 barrels, or considerably more than twice the con- 
sumption of the country. 


The balance of the production is sold for export, for which 
Denmark has favourable conditions on account of her geographical 
position. Export takes place to Sweden, Norway, Germany, Russia, 
Finland, England, South-America, South-Africa and East-Asia. 
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I have tried to point out the main steps in the evolution of a 
small industry in a small country, which grown up without any kind 
of protection, but in constant and lively intercourse with allied 
trades of foreign countries. Hereby it has attained its sound con- 
stitution. .We have learned by experience that nothing can be gained 
for a modern industry in hiding it behind artificial protective bars; 
its healthy development must rest mainly upon the pillars formed by 
technical science and art, and the international co-operation of 
men, that co-operation which is also the leading idea in the 
work of the present international association. (Enthousiastic applause.) 


The Association of Students of the Academy then rendered a second 
cantata which most fittingly brought to a close the opening meeting of 
Congress. 


Proceedings of Section A (Metals). 


I. First Day of Meeting. Wednesday, September 8', 1909. 


Professor A. Martens opened the proceedings at 9—45 am. 
. He invited the Chairman, Director O. Busse, as well as the 
honorary Presidents and honorary secretaires to take their seats on 
the platform. | 

Having taken the chair, Director O. Busse welcomed the 
many members in attendance and called upon Prof. Heyn to in- 
troduce the first subject to be discussed, “Metallography“. 


Metallography. 


Prof. E. Heyn(Gr.-Lichterfelde near Berlin) gave a brief summary 
of his report (I,) “On Progress made in Metallography from 
the Brussels Congress up to the Commencement of 1909.“ 
Metallographical research, he pointed out, had chiefly been con- 
centrated upon the following objects: 

a) To lay down the foundations fora Chemistry of Inter- 
metallic Compounds by determining the cooling curves of as 
large a number as possible of alloys without regard to their 
practical utility. This was the chief aim of Prof. Tammann’s 
work in Gottingen. : 

b) The further study of the system Iron-Carbon. The 
Formation of Graphite. The Constituents of Hardened 
Steel. 

c) The further study of the Special Steels and other 
Alloys of direct technical utility. 

d) The application of Metallography to an enquiry into 
metallurgical processes, especially those relating to metals other 
than iron. The Theory of the formation of matte and of speiss. 
This was the particular domain of the researches of Prof. 
Friedrich, of Freiberg. 
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e) Improvement of metallographical processes with special 
regard tothe Testing of Materials. Especially to devise simple 
methods for ascertaining the previous treatment of metals and alloys 
(heat treatment, hardening and tempering, degree of cold-working 
and subsequent heating). This field had particularly been taken up 
by the Konigl. Materialprufungsamt at Gr.-Lichterfelde (Heyn 
and Bauer). 

The speaker referred to the investigation which he had been 
conducting, in conjunction with Bauer, into the influence of the 
previous treatment of the steel upon its solubility in sulphuric acid: 
These researches promised to enable metallographers to draw 
conclusions as to the previous treatment of a steel from its solu- 
bility. The researches tended to shew that the transition from hardened 
steel (martensite) to annealed steel (pearlite) was not direct; there 
was a well-characterised, metastable intermediate modification. 
which had been termed ,osmondite“ in honour of Osmond and 
which stood between troostite and sorbite. In tempering the 
martensite was first converted into troostite which at about 400° C. 
approached the osmondite stage; on further raising the temperature 
the osmondite passed into sorbite and finally into pearlite. Osmondite 
was characterised by a great solubility in diluted sulphuric acid 
and also by turning dark when etched with alcoholic hydrochloric 
acid of 1 per cent. Troostite, when dissolved in sulphuric acid 
of 10 per cent under exclusion of air, yielded gaseous hydrocarbons 
whose carbon contents was entered as Cy, and it further left a 
residue whose carbon was insoluble in concentrated hydrochloric 
acid and was designated Cs, This residue could not be carbide, 
since carbide was completely dissolved by hot, concentrated hydro- 
chloric acid under evolution of hydrocarbons. The modification 
of carbon, found in troostite, must hence be different from carbide 
carbon. Carbide, dinstinguished by being insoluble in sulphuric 
acid of 10 per cent when air was excluded, but subsequently 
soluble in hot concentrated hydrochloric acid, was not noticed 
until a temperature of about 400° C. was reached in the osmon- 
dite stage, and increased rapidly afterwards with rising temperature. 
The contents in Cs rose from martensite to osmondite, to decrease 
again afterwards. 

In his memoir on “Experimental Researches on the Quen- 
ching Power of Liquids and on the nature of Austenite* Benedicks 
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had come to very interesting conclusions. According to these 
researches austenite could not be preserved during quenching when 
the pressure was sufficiently large. For that reason austenite did 
not occur at the surface of hardened steels, but only in their interior. 

Benedicks had mentioned one case, in which the originally 
present austenite had subsequently changed into martensite, when 
the outer skin of a quenched steel had been ground off and the 
pressure thus been released. 

As to other features Prof. Heyn referred to his report which, 
in its table of all the metallographical papers published since 1906, 
afforded an illustration of the intense activity in this field; he also 
mentioned, with special regard to the work done in Germany, that 
the K6nigl. Materialpriifungsamt had itself since 1906, trained in 
metallography no fewer that 31 persons on the request of large 
establishments. 


Dr.C. Benedicks (Upsala) congratulated the author on the concise 
clear language of his report and spoke in detail of his own Colloid- 
theory of troostite, as to which he differed from Prof. Heyn. This 
theory regarded troostite as a solid, colloidal solution or, better 
expressed, as a solid colloidal system of extremely small carbide 
particles, dispersed like impurities throughout the iron. Prof. Heyn 
did not know of any proof that this body X, whose existence 
was undoubtedly established by an evolution of heat, was really a 
carbide. A rigorous proof was indeed impossible; for the mechanical 
or chemical isolation of ultramicroscopical particles of iron carbide 
was out of question. It was characteristic, however, that well- 
identifiable carbide was so easily separated from the body X. 
Benedicks quoted a number of examples in which the existence 
of certain bodies had not been questioned, though a rigid proof 
could not be given. Ostwald had rightly stated that one could 
not strictly assert: “There is copper in this or that solution“, but 
one could only say, that copper could easily be obtained from 
this solution. Something of that kind might be accepted for troostite. 
The speaker desired to accentuate that the colloid-theory did not 
at all contradict the fact established by Heyn and Bauer, that 
there was a metastable intermediate stage between martensite and 
pearlite. On the contrary; his theory demanded the existence of 
such a colloidal stage intermediate between the homogeneous 
solution (like martensite) and the undone (separated) mixture (like 
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pearlite). That assumption of a colloidal intermediate stage was 
useful also for ordinary chemical reactions. Vaseline, e. g. was 
uniformly dissolved by ethyl alcohol on the water bath. When 
the beaker was placed on the table, a white sediment or turbidity 
was noticed near the bottom of the glass, and this sediment might 
be mistaken for a solid impurity; but the turbidity spread all 
through the beaker and possessed considerable stability, being in 
reality a colloidal solution or a fine emulsion of very small drops 
of vaseline in alcohol. To this turbid solution which slowly separated 
into C, H,.O0H-+ vaseline, troostite offered a striking analogy (in 
the state of maximum turbidity, osmondite). The main interest of 
the troostite theory was to be found in the circumstance that it 
offered a hitherto unknown analogy to the colloidal intermediate 
stages of liquid solutions in the domain of solid metallic solutions, 
The analogy could, of course, not as yet sufficiently explain all 
the details, already known or still to be discovered, of processes 
in which troostite took part. But is was already recognised pretty 
generally, that the existence and the interaction of several modifi- 
cations of Fe had to be accepted. The simplification of our views 
concerning the constituents intermediate between the martensite 
and the pearlite periods, was also useful. With regard to the ob- 
servation by Messrs Rosenhain and Tucker of a change previously 
unnoticed in lead-tin alloys occurring below the eutectic temperature, 
Dr. Benedicks finally remarked — because Prof. Heyn had drawn 
attention to this observation — that Rudberg, of Upsala, the 
discoverer of the multiple melting points of alloys, had also taken 
cooling curves of lead-tin alloys which he had published in 1830, 
and that in these curves the re-discovered inversion of Rosenhain 
and Tucker was distinctly discernible. 


In reply to Benedicks, Prof. E. Heyn remarked that the col- 
loid-hypothesis, to which as such he was quite sympathetic, could 
only presume that.some body X was segregated in fine subdivi- 
sion. This hypothesis might be accepted without proof, as long 
as it Satisfied the conditions which every hypothesis had to fulfil, 
namely that it explained the observed facts without having to be 
Strained, and that it permitted of anticipating new, still unobser- 
ved facts. In how far the colloid-hypothesis met these conditions, 
the future would teach. The assertion, that the body X must be 
a carbide (Fe;C), was a different thing. That required a proof. He 
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was grateful too that Dr. Benedicks had drawn his attention to 
Rudberg’s work. 

Mr.J.E.Stead (Middlesborough) stated that it would take at least 
a fortnight to follow Mr. Heyn’s review in detail, whereas only about 
fiitteen minutes were then available. He complimented the author 
on his work, which confirmed his own researches made as early 
as 1900. 

He, the speaker, also referred to the work carried out in 
Germany by Wust on Iron-phosphorus, and_ Iron-carbon-phos- 
phorus alloys. Wtist had found that the eutectic alloy of iron, 
carbon and phosphorus contained 8 per cent of carbon and 4:7 
per cent of phosphorus, which corresponded closely with the alloy 
which was separated from Cleveland pig iron when in plastic state 
under hydraulic pressure. 

Dr. W. Rosenhain (Teddington) proposer, for the purpose of 
securing the inclusion of a complete international bibliography in 
Reports on Metallography such as that presented to the present 
Congress by Prof. Heyn, that Section A should appoint two re- 
presentatives in each country who should send to the author of 
the report a list of papers published in their own country or 
language which were bearing on Metallography. These lists should. 
contain the titles and a statement of contents or subject not ex- 
ceeding 20 words for each paper. These lists should be sent to 
thes-author of the report by a date tobe fixed by bim.. He 
thanked Dr. Benedicks for his interesting communication as to 
the results of metallographic studies. 


Prof. H. Le Chatelier (Paris), said that he had read Prof. 
Heyn’s report with the greatest interest. The nature of the struc- 
tural constituents was no doubt of high importance, not only for 
scientific investigation, but also for the practice of steel production. 
In this respect the discovery of Osmond had opened a new era. 
Yet he would not recommend to proceed further in the direction 
of introducing everyday new constituents. It appeared rather more 
advisable to diminish their number. It would, he thought, suffice 
for instance, to distinguish only three groups in steel: osmondite 
or troostite, martensite, and pearlite or sorbite. 

Prof. E. Heyn would likewise welcome every simplification. 
The just proposed simplification would, however, be secured at 
the expense of metallurgical reality. He would in particular depre- 
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cate the identification of pearlite and sorbite, and he could hence 
not consent to the proposal made by Mr. Le Chatelier. 


As no other member rose, the Chairman. Mr. Busse, closed 
the discussion by proposing a vote of thanks to Prof. Heyn for 
his report. 


Special steels (I,) 

by LeoGiniiet 

Prof. L. Guillet (Paris) reminded the meeting of his Brussels 
report in which he had pointed out that the special steels might, 
as to their metallographical composition, be divided into pearlitic, 
martensitic and polyhedric steels on the one side, and such which 
contained double carbon compounds on the other, but that only 
the pearlitic and polyhedric steels had any technical importance. 
To-day he had to add that the polyhedric steels had likewise lost 
much of their importance. They were applied in special cases 
only, e. g. nickel steel of 386 per cent, because it:did motjextends 
further nickel steel of 46 per cent, whose coefficient of expansion 
was equal to that of glass, a fact of great importance for lamp 
sockets. Hadfield steel had of late also found interesting utilisation, 
e. ¢, for certain parts of the track of the Metropolitan in Paris. 
Apart from these applications polyhedric steels were not in demand 
on account of their high prices and low elastic limits. Thus there 
remained for the practice none but the pearlitic steels. The recent 
advances in their production concerned three points: 


1. The introduction of vanadium, utilised particularly in America. 


2. The simplification of the thermal treatment. In order to 
obviate the difficulties connected with hardening at a particular 
temperature, attempts had first been made to produce steels for 
which a definite hardening temperature need not exactly be ob- 
served. To this class belonged nickel steel of low carbon percentage 
(0°15), or nickel steel with higher carbon percentage which had, 
however, to be hardened in oil. Quite recently the tendency had 
been to manufacture steels which did not require any tempering. 
Air-hardened steels had been produced which were applied both as 
tool steels and as materials of construction. The metallographical 
examination showed that these air-hardened steels were intermediate 
between pearlitic and martenitic steels. A temperature of from 800 
to 950° C. sufficed for their hardening, when followed by simple 
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cooling in the air. This method had yielded interesting results. 
Steel of a strength of 70 kg and of an elongation of 18 per cent 
marked, after air hardening, a strength of 130 or 140 and even 
150 or 160 kg/mm? and an elastic limit of about 130 kg/mm?; 
the elongation was 8 or 9 per cent, and the work done in fracture 
in notched-bar impact tests 10 kgm. 

All these air-hardened steels were Ni-Cr steels, containing 
from, 0'2 to 0°5 and 0°6' per cent’ of C, from 8 to 7 per cent of 
Ni, from 0°15 to 1 per cent of Cr, and sometimes 0-1 or 0:2 per cent 
of V. This was the composition of most of the steels used for the 
construction of automobiles. 


3. The third object aimed at in the most recent time had 
been the increase in the carbon contents which would yield steels 
that could be exposed to unusual friction. Those steels contained 
0-5 or 0°6 per cent of carbon, 2°5 of nickel and 0°42 of chromium. 
In concluding Guillet dwelt upon the extraordinary progress 
accomplished quite recently in the production of copper steels and 
rapid tool steels. Interesting information concerning these steels might 
be expected by the time that the Congress held its next meeting. 

The chairman thanked Mr. Guillet for his instructive report 
and announced that Chief Engineer Max Bermann would deliver 
his experimental discourse on steel testing by sparking in the hall 
in which Section C was meeting. 


Steel Testing by Sparking (VIII,).4) 
Mr. M. Bermann (Budapest) briefly explained his method and 
demonstrated, how the nature of the spark train, produced when 


1) Chief Engineer Bartel (Budapest), having at the last moment been 
prevented from attending, had sent in a report on the method of Bermann, 
which he strongly recommended for workshop practice, without wishing to 
express any opinion as to its theory. By the aid of a set of analysed standard 
rods the carbon contents could be determined within 0°01 per cent. The method 
was especially suitable for determining inequalities in the composition and was 
superior even to the Brinell test, Mr. Bartel quoted cases from practical 
experience, in which the spark test had proved valuable and had in a few 
minutes shown, that the steel was heterogeneous or had not been treated properly. 
The Bermann test unfortunately did not leave any records and was hence 
unsuitable as official acceptance test. Mr. Bartel thought that the test might be 
facilitated by standardising the speed of the emery wheel, the wheel material and 
the pressure against the wheel, and that the spark test would then find adoption 
in our metallurgical works and shops, 
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the test piece was pressed against the emery wheel, permitted of 
estimating the contents in carbon and further in manganese, tungsten 
and chromium. In concluding his discourse, he expressed the hope 
that he had succeeded in demonstrating that differences in the 
carbon percentage as small as 0°01 per cent could, with the aid 
of analysed standards, easily be recognised without experience 
and special scientific knowledge, and that the spark method 
therefore afforded, at the actual stage already, a simple means of 
determining the absolute and relative carbon contents of different 
kinds of iron, and hence a ready check on chemical analyses. 
Mr. Bermann begged to draw the attention of the Congress 
to this new method and asked members to examine his 
explanation of the spark phenomena, being convinced 
that the spark test would be able to hold its own among 
the methods of material testing. 


The Chairman conveyed the thanks of the meeting to the 
lecturer for his suggestive demonstration. 


(Luncheon Interval.) 


The Chairman invited discussion of the report presented 
by Sub-Committee Ia. 


Establishment of International Specifications for Iron and 
Steck ty. 


Dr, von Rieppel not being present the Chairman called 
upon Mr. Webster to present the report. 


Mr. Wm. R. Webster (Philadelphia) pointed out that the report 
of the Sub-Committee explained the outlines for the further work 
of the Sub-Committee and asked the Section to accept the report 
and to make suggestions. He would be happy to be assured of 
the approval of the Congress, so that they might continue their 
deliberations till the next Congress. 


Prof. A. Martens moved the following resolution: 


“The V4 Congress welcomes the work of Sub- 
“Committee la, approves in general of the principles 
“laid down in Congress report VIII, and resolves: 
“Committee I (Sub-Committee Ia) are invited to con- 
“tinue their valuable labours in co-operation with the 
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“National Societies and, if possible, to place before 
“the VI" Congress definite proposals as to the basis 
“of International Specifications for Iron and Steel.” 


Prof. N. Belelubsky (St. Petersburg) pointed out that Russia 
was already in possession of uniform specifications in accordance 
with the regulations of the Russian Government. He would recommend 
that the Sub-Committee should not confine its compilations to America, 
England and Germany, but should include Russia and the other 
Countries. He moved for an extension of the Sub-Committee in 
this sense. 


Mr. Leslie S. Robertson (London) objected that the Sub- 
Committee could, as a matter of principle only deal with conditions 
of a national character and could not deal with specifications of a 
private character, even if they emanated from a government which 
had laid down its special views concerning these specifications. 
The specifications to be dealt with by the Sub-Committee had to 
approved by the National-Associations and had to be issued by 
commissions, on which the consumers were represented as well 
as the producers. 


Prof. N. Belelubsky remarked that Russia had taken up the 
question of specifications for iron materials many years ago, and 
that the supply of materials for bridge construction, car axles and 
rails had uniformly been regulated (in the case of rails already since 
the Dresden Congress). As regards ingot-iron, technical specifications 
had been laid down in 1885, — earlier thus than in Germany and 
Austria. He had himself reported to the Brussels Congress on the 
extensive series of rail tests on which the specifications had been 
based, and he would direct the attention of the meeting to the 
Russian exports of rails, locomotives and bridges. It was thus 
evident that Russia took a great interest in the work of Committee Ia. 

Prof. A. Martens pointed out that his motion implied in due 
fairness an extension of the Committee. 

Mr.Wm.R. Webster emphasised that every country would have 
to lay down its own uniform specifications before, other countries 
could be asked to form. There would be no difficulty in arriving 
at an agreement as to the supply of good materials. 

Mr. Cartault (Paris), considered that there were two points 
of view for the work of the Sub-Committee. The first was to 
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create a kind of international vocabulary, enabling each nation to 
find the equivalents of its technical terms in other languages; that 
would be an extremely useful task. The second object should be 
to lay down uniform specifications. The realisation of this part of 
the programme appeared difficult. The conditions of production 
and of application varied with localities; thus the requirements for 
rails were not the same in northern and in southern states. The 
Committee could only draw up general specifications which would 
have little interest. Too precise a specification would involve grave 
inconveniences; progress would be retarded because each modifi- 
cation would require a renewed examination on the part of the 
Committee. It would be better therefore to let the producers and 
theconsumers discuss their conditions and transactions withoutrestraint. 


Prof. F. Schiile (Zurich) pointed out that the report of the Sub- 
Committee had not yet been examined by the Committee. It was 
desirable that the non: producing countries like Switzerland should also 
be considered, and he proposed that the motion of Prof. Martens 
be accepted. 

Prof. B. Kirsch supported the motion which the Chairman put 
to the vote. 

The resolution proposed by Prof. Martens was passed.!) 


1) The problem of the international unification of the specification was, 
on the suggestion of Mr. W. R. Webster, of Philadelphia, informally discussed, 
in the rooms of Section A, on September 9th at 5 p. m. by a very fully attended 
meeting. Mr. Webster took the chair in response to the general desire. It was 
once more emphasised that the different countries had first to agree upon uniform 
specification, which had so far been done only in Germany, Great-Britain and 
America. In that case Committee Ia would in each country and for each class 
of materials only have to deal with one regulation, which would be recognised 
by a testing Association consisting of producers and consumers (in countries which 
did not produce iron, only of the latter), The idea that the commissions of the 
separate National Associations should act after the manner of clearing-houses for the 
specifications of their own countries, while Committee la would be the international 
clearing-house, met with general approval. It was also recognised that it would be 
possible, by comparison of such specifications and by their progressive adaptation 
to marked changes, to avoid hairsplitting regulations, finally to arrive, if only 
in the course of years, at uniform specifications. It was further generally acknow- 
ledged that it was desirable to admit other countries to Committee Ia, in so far, 
of course, as these countries adhered to the above mentioned conditions, The 
Secretary General undertook to report to the Council on the co-operation of the 
representatives of such countries. Several speakers finally explained the actual 
state of the problem of the unification of specifications in their own countries. 
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The chairman then opened the discussion on the report of 
Committee 24. 


On the Uniform Nomenclature of Iron and Steel (VIII). 


The report, drawn up by Prof. Henry M. Howe (New York) 
and Prof. A. Sauveur (Cambridge, Mass.); comprised: 


1. A polyglot table of the chief classes of Iron and Steel and 
their production. 

2. English definitions of the chief classes of Iron and Steel 
and of the microscopical constituents of these metals. 

3. A glossary of special sizes and shapes of Iron and Steel. 

4. Opinions of Societies. 

The object of the definitions, the committee reported, was 
briefly to define the meanings of the terms customary in different 
languages and to fix the boundaries which separated a metal in 
question from others, with which it might easily be confounded, 

As regards the definitions of the microscopical constituents 
the authors remarked, that their definitions of the constituents were 
based upon their well-known and generally accepted properties, 
and not upon their natures and constitutions which remained 
controversial. 

The chairman of the committee proposed at the same time 
to adopt the term “metaral* — the analogue to “mineral“ — as 
equivalent for the term “microscopical constituent“. The word was 
more accurate, since certain constituents, such as the graphite of 
pigiron and the primary cementite of ferro-manganese, were not 
microscopical at all, while occluded gas and dissolved iron oxide, 
which certainly were constituents, but hardly “metarals*, would 
easily be distinguished in this manner. 

The authors finally stated that some new names like osmondite 
and troosto-sorbite, proposed by certain investigators, had not been 
embodied in their table of definitions, because these compounds 
remained hypothetical. 


Prof. Jos. W. Richards (South Bethlehem, Pa.) opposed the 
programme of the Committee which aimed at fixing the current 
terms as exactly as possible. That meant fixing the actual con- 
fusion. Investigators should not lag behind with their designations, 
they should take care that any novel industrial products were 
properly named when first introduced. 
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Steel produced in the electric furnace was such a product 
of the most recent epoch. On account of its high quality it had 
so far been sold and offered as crucible steel. A second, less 
valuable product -was obtained from pig iron, which was decar- 
burised in the Bessemer or Martin furnace and then refined in 
the electric furnace. The report did not propose any definitions 
for these products. Surely it was the principal duty of a com+ 
mittee for uniform nomenclature to see that such products were 
scientifically defined. 


Coming to the particulars of the report, as it stands, the speaker 
agreed with the principle embodied in the definitions of blister steel 
and cast iron, viz that “the essential quality of cast iron is its com- 
position and not its being cast, and the essential quality of 
blister steel is its composition caused by cementation and 
not its blisters“. Carrying out this same principle, pig iron is 
the product of the blast furnace, or material similar thereto 
made in the electric shaft furnace (Hochofen). The committee was 
inconsistent in giving a narrower definition than this to pig iron, 
and in giving a definition which does not correspond with general 
use or logical analogy. 


Concerning Steel, M. M. Pourcel and Greiner have sub- 
mitted a definition which is much more practical than the one 
submitted by the committee, and the speaker left the discussion 
of this point to those gentlemen. 


The principal omissions which he noted and which he would 
submit to the further consideration of the Committee were 


Electric pig iron, or electric furnace pig iron: Cast 
iron produced by the reduction of iron ore in an electric furnace. 

Electric steel, or all-electric steel: Steel manufactured 
entitely is an electric furnace. 


Bessemer-electric steel: Steel made in an electric furnace 
using therein the molten product of the Bessemer converter. 


Open hearth-electric steel: Steel made in an electric 
furnace using therein the molten product of the open hearth 
furnace. 

The above were not all of the commercial forms of iron and 
steel already on the market which the report of the Committee 
fails entirely to name or to suggest any name. 
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In conclusion, the report should have proceeded upon other 
lines, it should have attempted but slight revision of present fixed 
terms but should have provided liberally new terms for the new 
products just appearing in commerce, and have proposed proper 
terms for others likely to appear and as yet un-named. 

This work cannot be well done by a large committee, nor 
by one Society alone. The best way to arrive at a result which 
would be worth anything would be to request about five influential 
societies to appoint one member each, the best man at their com- 
mand, who would with one member appointed from this Society 
constitute a permanent committee to consider improvements in 
the present nomenclature of iron and steel, to discuss upon its 
appearance in commerce the proper name to be given to a new 
commercial product, and to provide in advance for the systematic 
and uniform growth of this scientific nomenclature. The members 
of this committee could be re-appointed each year, and their decisions 
would be binding upon the concurring societies for use in their 
publications. 

For this purpose, Prof. Richards moved that this society 
request the 

Comité des Forges de France, 

Verein Deutscher Eisenhuttenleute, ; 

Jern Kontoret of Sweden, 

Iron and Steel Institute of Great Britain, 

American Institute of Mining Engineers 
to each appoint one member of an International Committee, that 
the council of this Society appoint a sixth member, and that the 
object of this committee’s labors shall be to revise as far as is 
expedient the present nomenclature of iron and steel, to discuss 
and recommend proper names for new commercial iron and steel 
products, and to provide for the future reasonable extension of 
this nomenclature upon a scientific basis, with the understanding 
that the findings of this committee shall be binding upon the con- 
curring societies. 


Prof. H. Le Chatelier (Paris) distinguished two parts of the 
work of the Committee. The one part was essentially technical, 
the other scientific. There was not much to discuss as regards 
the technical side. Every country had long been making use of 
fixed terms for its iron and steel products. The tabulation of all 
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these terms used in different countries was all the more interesting, 
as the work had been done by men of the highest competency. 
In this respect the report was a valuable complement to technical 
dictionaries, and the Committee deserved their sincere thanks for 
their achievement. With respect to the scientific side the Congress 
could, on the contrary, act in a deciding capacity, and fix the 
names of certain microscopical constituents; for great confusion 
still prevailed in this field. For example, the same constituent was. 
called: Troostite by Osmond, sorbite by Stead, osmondite by 
Heyn, and martensite by Arnold. The speaker would, therefore, 
in the first instance, ask the Congress, whether it was not expedient 
to fix definitely the nomenclature of a certain number of constituents, 
about which they were already in accord. If that proposal were 
carried, the numerous metallographers present might come to a 
decision, which constituents could already be definitely fixed, 
and which constituents had better be left for further consideration 
in view of the actual discrepancies of opinion. The speaker finally 
remarked that he was very partial to the term “metaral“, proposed 
by the Committee. Yet one should only designate by this term 
something which was homogeneous, in analogy to the use of the 
word “mineral*. Just as granite was not a mineral, pearlite should 
not be termed “metaral*. For the aggregates of microscopical con- 
stittuents another designation should be found. The speaker hoped 
that the Congress would approve of his proposal, to fix without 
delay certain scientific designations, which were already in general 
use in the metallographical literature. 

Prof. A. Martens concurred. With regard to the nomenclature 
of newly discovered constituents, however, the opinions and 
approvals of the National Association would have to be obtained, 
before the Congress could pass a resolution. 


Mr. F. W. Harbord (London) remarked that he had only 
been elected on the Committee, after the greater part of the work 
had been done, and the report had largely been drafted. He had 
consequently not been able to discuss the various definitions 
before their publication, and he regretted to have to state that 
he was not in agreement with several of the definitions of the 
report. The definition of “Blister Steel“ was a case in point. That 
term was clearly understood in the English trade to mean wrought 
iron bars carburised by cementation, of such a degree of purity 
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in respect to phosphorus and sulphur, that the blister bar should 
be suitable for remelting, for the manufacture of shear (Schweif) 
steel. English Law Courts, would, quite certainly, hold that an 
undertaking to supply “blister steel“ implied the obligation to 
supply material low in phosphorus and sulphur. In his opinion 
the report should be referred back to the Committee for further 
consideration, and Mr. Stead associated himself with him in this 
question, as it was of the greatest importance that the definitions 
of the Committee should be in agreement with what was under- 
stood and accepted by technical men. 


Dr. V. Misangyi (Budapest) asked that the Hungarian terms 
should be added to the tables of the Committee. 

Mr. A. Greiner (Seraing) recognised and duly appreciated 
the great value of the report of Committee 24. Yet with regard 
to the differentiation between “iron and steel“, he considered that 
the simple definition given in the report which he had drawn up 
in conjunction with Mr. A. Pourcel and which was reproduced 
from a paper published by one of them in 1869, retained its raison 
d’étre more than ever. This definition was the following: 

Tron is differentiated from steel merely by the process of 
manufacture. Thus every cast malleable metal is a steel, and every 
malleable metal which is not cast is an iron. They should hence 
distinguish: 1. pig iron: cast, not malleable metal; 2. iron: 
malleable, not cast metal; 3. steel: cast malleable metal. 

In a remark to be found on page 10 of the report of 
Committee 24 the reporter raised the objection that what had so 
far been called “blister steel“, would become cement iron from 
this point of view. That might be so. But the answer was that 
“blister steel“ was fast becoming — if indeed it had not already 
become — a product of purely historical interest, since %/\, if 
not 9/9) of the output of blister steel was used as raw material 
for the manufacture of steel in crucibles; and the days of the 
crucible were numbered, since the advent of the electric furnace. 
It mattered little therefore, in practice what they were to under- 
stand by the terms “cement iron“ or “cement steel‘. 

In support of the nomenclature which he advocated Mr. Greiner 
quoted a typical remark made by Prof. Ledebur: “Nine-tenths 
of the output of the German Steel works consist of a metal which 
practically cannot be hardened. It must hence be assumed that 
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these works pretend to produce, not iron, but soft steel, in order 
to justify their designation ’steel works’“. 

Which other metal, moreover, Mr. Greiner continued, yielded, 
with very limited proportions of another element — carbon — 
ranging from 005 up to 4°6 per cent, such a variety of products 
each possessing different and well-characterised physical and me- 
chanical properties! Neither copper, nor lead, nor zine, nor tin 
presented so great a number of transformations. 

In reply to those who persevered in regarding the property 
of becoming hardened as the distinctive characteristic of steel, 
Mr. Greiner would point out, that it would be impossible to 
retain the designation as steel castings for objects made of a 
ferrous metal, when those objects were commonly produced from 
a metal containing 0°10 and less of carbon which stood deformation 
under the (steam) hammer in the cold perfectly. Such pieces 
were falsely styled steel castings by the manufacturers and by 
public authorities. Was this objection not more weighty than the 
one which had been raised with regard to blister steel? Since it 
was, in the case of castings, a question of an output of thousands 
of tons, while the case of blister steel concerned a product of 
extremely small application. It would hence be conceded that the 
choice of the property of hardening as characteristic for the 
differentation between iron and steel could no longer be justified 
even on the grounds of commercial interests which had led to 
its adoption at the time when the Thomas process made its 
appearance. What remained, then, to sustain that differentation? 
Logic? Certainly not! Under the present circumstances Wedding 
himself, who had instigated it at the Philadelphia Congress of 1876, 
would surely abandon it. 

Mr. Greiner concluded his remarks by expressing his opinion 
that the Congress, faithful to the programme, which it had drawn 
up, would not enter upon an arbitrary amelioration of the actual 
terms. He believed with Mr. Pourcel, that the Congress would 
join them in designating as steel all malleable iron products obtained 
by the process of fusion. 

In consideration of the advanced hour, the Chairman ad- 
journed the debate, postponing the vote until the following day. 

The meeting was closed at 2,30: p. m. 
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Second Day of Meeting. Thursday, September 9* 1909. 


The Chairman, Director Busse, opened the proceedings at 
9—45. a. m. inviting the honorary presidents and hon. secretaries 
to come up to the platform. He then called upon Mr. Guillet to 
read his report on the work of the Committee on Copper. 


On standard specifications for the purchase of copper (VIII,). 


Prof. L. Guillet (Paris) gave a brief résumé of the report, copies 
of which were in the hands of all the members. It would be 
understood that the Committe had been unable to completee its work. 
But the enquiries addressed to the members of different nationalities 
had elicited ample and valuable material, and the Committee hoped 
to submit definitive proposals to the next Congress. Mr. Guillet 
thought that he might already propose that the work of the 
Committee should be extended to the various Copper Alloys, bronze, 
brass etc. 

Prof. A. Martens supported this proposal by Mr. Guillet and 
suggested that the Committee on Copper might colloborate with 
Committee I or Sub-Committee Ia, on uniform specification for 
Iron and Steel. 

Prof. L. Guillet did not consider such a collaboration advisable. 
There was no connection between the methods of iron and Stee] 
testing on the one hand, and copper testing on the other, except 
as to quite general features, such as the shape of the test rods 
etc. Te following resolution was then unanimously passed: 

“The Congress expresses its best thanks to the 
weeommittee-on Copper for their work and*approves 

“of the proposals of the Committee to extend the 

“scope of their investigations so as to include the 

“study of specifioations for Copper Alloys.® 

The Chairman passed to the next item on the agenda paper: 


Unification of Methods of testing Steam, Gas and Water 
Pipes (VIII,). 

Mr. A. C. Karsten (Copenhagen) dwelt chiefly upon the 
fact that there were no general regulations for pipes, and that — 
this accounted for the differences in the weights and qualities of 
pipes supplied by different firms. Quite recently this drawback 
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had been accentuated, by Mr. Haller before the meeting of 
Heizungs- und Luftungs-Fachmanner (Heating and Ventilating 
Engineers), assembled at Frankfurt-on-the-Main. The Danish 
Association of Engineers had attempted to lay down general rules, 
and the Danish Government Testing Station had conducted exten- 
sive experiments under the superintendence of Prof. Hannover. — 
The results of these experiments and the regulations based upon 
them had been communicated to the Brussels Congress. The 
continued experiments had suggested some alterations in the rules. 
The weights had to be modified, the external diameters had been 
brought in accord with the most recent German rules, and the 
number of pipes to be tested had been fixed. The specifications 
as modified by the Danish engineers had been incorporated in the 
report. Mr. Karsten proposed to submit the specifications to a 
Committee with the oject of making them the basis of International 
Specifications. 

Mr. W. Wood (Philadelphia) proposed to refer the unification 
of pipes to the already existing Committee I or the Sub-Committee Ia. 

Mr. Leslie S. Robertson (London) desired the exclude the 
question of pipe threads from the resolution. An International 
Commission on the unification of pipe threads had been constituted 
in Paris two months previous. It would be undesirable to interfere 
with the work of this commission by parallel endeavours; the 
question had best be left to the Paris Commission in accord with 
which they could act. 


Prof. A. Martens then formally moved that the problem of the 
Unification of Specifications of Pipes should be submitted to 
Committee I with the object of arriving, in conjuction with the 
National Associations, at an International understanding, excluding 
however the question of threads. 


Mr. Karsten having expressed his acquiescence, the resolution 
of Prof. Martens was unanimously accepted as follows: 


“The Congress takes note with thanks of the 
‘valuable report by Mr. Karsten on the Specification 
“of Wrought Iron Pipes and refers it to Committee I 
“for examination and report to the next Congress, 
“excluding the thread question.“ 
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Hardness tests (IL). 


In presenting his report Dr. P. Ludwik (Vienna) confined 
himself to a summary sufficiently explicit for opening the dis- 
cussion on the subject; copies of the report had been distributed. 

The report was divided into three parts. 

The first part dealt with the Brinell ball-pressure test 
as carried out by measuring a) the diameter of the impression, 
and b) the depth of the cavity. 

The measurement of the diameter permitted of working, in 
general at least, with shallower impressions than were advisable 
for cavity measurements. The determination of the diameter was 
especially advantageous in the cases: 

1. of hard materials; 2. of small or thin test specimens; 
3. when the material was to be damaged as little as possible; 
4. when the determination of the surface hardness was _ particu- 
larly desired. 

The measurement of the depth of the cavity, on the other 
hand, offered the advantage of simplicity, since the somewhat 
elaborate subsequent measurement of the diameter (by means of 
a microscope &c.) was not required. 

The cavity measurement was, with very shallow impressions, 
possible only with the ball-pressure apparatus of Martens and 
Heyn. This apparatus hence admitted of making the best use of 
the advantages of both the diameter and the cavity determinations, 
presuming that the depth could be determined within about a 
thousandth of a millimetre. A detailed description of the Martens 
apparatus was given in another printed Congress report. The 
apparatus was on exhibition in the building. 

The second part of Dr. Ludwik’s report dealt with the cone 
pressure tests which were of a cognate nature. 

The cone-pressure test differed, however, from the ball- 
pressure test, because its hardness number was independent of 
the load and of the size of the impression, and could therefore 
be expressed by a single figure. It was thus immaterial on prin- 
ciple, to what depth the point of the cone was driven into the 
material under examination. In his printed report the speaker had 
exclusively referred to cone-pressure apparatus for cavity measu- 
rements. Among the testing machines exhibited in the Congress 
building, he had, however, noticed a cone-pressure apparatus 
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which admitted of an automatic measurement of the penetration; — 
that seemed to be a praiseworthy feature. 

The third part of the report discussed the important question 
of the relations. between hardness and strength (especially 
between hardness and yield point and between hardness and 
tensile strength). Since that question was intimately connected © 
with problems of very extensive bearing, the speaker contented 
himself with stating that there could, as a matter of principle, not 
exist any uniform relation between hardness and mechanical 
strength, because that relation depended: 1. on the form of the 
stress-strain diagram; 2. on the shape of the impression. 

Yet that statement did not by any means exclude the possi- 
bility of deducing — for groups of materials of fairly the same 
kind and with an approximation sufficient for practical purposes 
— the yield point and the tensile strength from the hardness, by 
the aid of a coefficient based upon experience and valid only for 
that particular group. 


This, however, with one restriction: the statement held only 
for ductile materials, as otherwise the ratio between tensile strength 
and hardness would materially be influenced also by the cohesion 
of the material (e. g. in the case of cast iron), That the ratio was 
independent of the cohesion for ductile materials, was evident 
from the fact that the tensile strength of such materials could be 
determined without breaking the test bar, and thus without over- 
coming the cohesion. It would be understood that hardness tests 
could replace tension tests to a certain extent only, since the 
tension test was utilised also for determining the elongation (the 
tenacity and ductility) of the material, whilst the hardness number 
did not permit of drawing any conclusions as to these properties. 

In cases, however, in which the tension test was merely 
applied for determining the tensile strength (apart from the elon- 
gation), the much simpler and less expensive ball-pressure or 
cone-pressure tests could in many circumstances be substituted 
for the tension tests of ductile materials. 

In this sense the Austrian Association for testing Materials 
had, in its last annual meeting, adopted the following resolution: 
“considering that the tension test (merely aiming at the deter- 
mination of the tensile strength) may with ductile materials even- 
tually be replaced by a hardness test, it is recommended to con- 
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duct comparative tension tests and ball-pressure and cone-pressure 
Tests; " 

The speaker concluded by expressing the hope that the dis- 
eussion, he had been asked to introduce, would more exhaustively 
deal with the problems, upon pee he had touched, and with 
cognate problems. 


Dr. C. Benedicks (Upsala) congratulated the speaker on the 
success of his method. When they considered the superiority of 


Fig. 5. 
Apparatus of the Aktie-Bolaget “Alpha* of Stockholm, 
for Cone-Pressure Tests, 


the Brinell test over the old method of Calvert and Johnson 
who, they would remember, had used a truncated cone of hard 
steel as penetrating tool, they could not but wonder at the new 
‘success of the cone-pressure test. Dr. Ludwik could claim the credit 
of having established for this test the validity of Kick’s law of 
proportional resistance. As regards the ball impression, he himself 
({Benedicks) had not found Kick’s law applicable. If they made 
a test with a ball of 5mm diameter and a load of 500 kg. they 
would find a certain hardness number. If Kick’s rule were 
applicable, they should want a load of 2000 kg for a ball of 10 mm 
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in order to realise the same number; but they did need in fact 


3000 kg. He had discussed an experimental enquiry into this problem 
in his doctor dissertation. He would also point out that the Brinell 
method was much more suitable than the Ludwik method for 


comparative tests of materials of very unequal hardness; it could — 


hardly be doubted, that it was for materials of average hardness. 
that the Ludwik test was particularly suitable. 


Mr. J. O. Roos of Hjelmsater (Stockholm) dwelt upon the large 
range of applicability of the Brinell test and expressed the hope, 
that the cone-pressure test. of Ludwik ‘would likewise render 
excellent service on account of the independency of the hardness. 
number obtained from the load applied. Yet he would submit, 
that it did not appear advisable in practice to make the depth of 
the penetration the criterion, since a kind of marginal extrusion 
was formed which complicated the measurement. The “Alpha 
Company“ of Stockholm had worked out a good device for taking 
readings; the device could easily be added to any ball-pressure: 
apparatus. The results obtained with the aid of this machine con- 
firmed the independency of the cone-pressure hardness from the 
load, as found by Ludwik. 

Colonel C. Ramos y Comas (Madrid) did not think, that the 
tensile strength could be deduced from the hardness. The ball- 


pressure test was very convenient for determining, in acceptance 


tests, the homogeneity of the materials, especially of rails. 


Prof. S. Rejté (Budapest) contested the statement that Kick’s. 


law of proportional resistances did not hold for ball-pressure tests. 
It would appear that Benedicks had measured the depth of 
the cavity and not the angle of penetration, the angle at the centre 
of the spherical impression. | 
Prof. L. Guillet (Paris) remarked that so far the determination: 
of the hardness or the tensile strength had been spoken of as 
the main object of the Brinell test. That test had been used 
for another purpose in the works with which he was connected, 
namely, for ascertaining whether the thermal treatment of a specimen 
had the desired result. The ball-pressure test permitted of making 
this verification, whatever the dimensions of the piece and without 
spoiling it for ultimate use. The speaker also stated that there was. 
an intimate relation between the coefficient, by the aid of which 
the breaking load was deduced from the hardness test, and the 
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structure of the metal; pearlitic nickel steel had a coefficient which 
differed from that of martensitic or polyhedric steel. With respect 
to the applicability of the Brinell test to copper, he would refer 
the meeting to the memoir by himself and Mr. Révillon. The 
experiments which they were couducting were favourable to the 
ball-test. As regards the dimensions of the ball, especially for 
copper alloys, the structure and the dimensions of the crystals 
had to be taken into consideration. Particularly in the case of 
anti-friction metals, normal balls would only affect a small zone 
of crystalls, and that would lead to irregular results. 

Dr. C. Benedicks (Upsala) remarked in reply to Prof. Rejt6 
that he had considered the penetration angle in his measurements. 

Prof. S. RejtO enquired whether Dr. Benedicks had, in his 
calculations, perhaps taken the calotte instead of the circular area: 
that might explain the contradiction. 

Dr. C.Benedicks objected that it was immaterial, for geometrical 
reasons, whether the calotte or the circular area were taken into 
consideration, as long as the angle of penetration remained constant. 

Dr. W. Rosenhain (Teddington) pointed out that the cone- 
pressure test was apt to give uncertain and indefinite results, if 
the point became in the slightest way rounded. He mentioned 
that he had himself obtained excellent results by determining the 
hardness from the height of rebound of a small cone fitted with 
a spherical point, which was dropped on the specimen. 

Prof. H. 1. Hannover (Copenhagen) thought that the rebound 
method, just mentioned by Rosenhain, could advantageously be 
applied only for very particular materials, e. g.. for bodies like 
rolls, which were already finely polished and which would be 
damaged by a Brinell or a Ludwik test. The property which 
would be determined in this way was, however, not the same 
as that about which the other hardness tests afforded information, 
as Mr. Rosenhain had already pointed out. Though this method 
might be very useful, when they wished to ascertain, whether the 
material of a roll was uniform throughout its crust, this method 
hardly fell within the scope of the actual discussion. 

Prof B. Kirsch (Vienna) was afraid that the great number of 
tests under examination would involve a waste of their efforts. It 
was not necessary to create a cone-pressure test; it would be 
more correct to apply the Brinell ball-pressure test as widely as 
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possible, In this respect the Martens apparatus seemed the most 
perfect. The rebound method could only be used with perfectly 
elastic bodies. 

Prof.A, Martens believed that the main object of the investigation 
of materials should be to elaborate a method which would yield 
practical results, i. e. results which ensured equal values for equal 
materials. 

Prof. N. Belelubsky mentioned that the ball-pressure test had | 
been applied in Russia for seven years; many experiments had in: 
particular been made for the Russian State Railways. 


Prof. E. Heyn (Gr.-Lichterfelde) briefly described the 


Martens Ball Hardness Testing Machine (report IIb). 
The Brinell hardness number H, he stated, was the pressure 
referred to the unit area of the impression calotte 
as 
«Dh 


In calculating the area of the calotte the depth of the cavity h 
was actually deduced from the measured diameter d of the impression. 
In doing this it was tacitly presumed that the radius of curvature of 


the spherical calotte was equal to the radius = of the unloaded ball. 


This presumption was not justified. The radius of curvature 


D 
was greater than — and the Brinell hardness number was thus 


referred to an imaginary spherical impression which was not 
actually existent. From the diameter of the impression d a depth 
of cavity h was deduced, which was not existent either. It seemed 
therefore preferable to measure the depth of the penetration directly. 
The Martens hardness testing machine had been designed with 
this object. Prof. E. Meyer had proposed to define the balls 
pressure hardness as the mean pressure acting upon the unit of 
the impression circle. 

This method avoided the elaborate calculation of the spherical 
surface. Yet it laboured under the difficulty that the diameter d 
had to be measured, and Meyer’s investigations further led to the 
function P = ad", so that two constants would have to be deter- 
mined. In the Martens machine the ball-pressure hardness was 
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determined for very small values of P (load), because with the 
low pressures the relation between P and h was very simple, 
rectilinear. Prof. Heyn explained the advantages af the apparatus 
and discussed the results which it had yielded. 


Prof. E. Meyer (Charlottenburg) objected that the curve for 
the relation between P and h was a straight line only for very 
small values of P. To use this rectilinear portion of the curve for 
the estimation of the hardness, was as arbitrary as the rule of 
Brinell which specified a load of 3000 kg. 

Prof. E. Heyn replying: “The objection of Prof. Mayer is not 
valid. In the Martens machine the strength is not determined 
with respect to an arbitrarily selected point of the curve; for within 
thesrange PF — f(h)=-C.h- the pressure P and. the depth h may 
be varied at will, the resulting hardness number will always be 
the same.“ The application of a small depth of penetration was 
moreover consistent and not arbitrary, if they wished to know the 
Original skin hardness as, for instance, in metals for bearings. 
If they applied great penetration in such cases, the resulting hardness 
would be that of the material after it had undergone a considerable 
amount of cold-working by the ball, which hardened it. It was, 
of course, impossible, whatever apparatus were used, to get over 
ihe natural law that the relation P — ad® or P =f (h) could no 
longer be expressed by a Straight line when the pressure P increased. 
But it should not be overlooked, that the above relation implied 
the increase in hardness which the material experienced when the 
pressure was increased. For this reason the relation was valuable 
only in cases, when they actually desired to obtain an indication 
of the change of hardness under pressure, but not in cases 
in which they wished to estimate the resistance which a 
material would, in its original state, oppose to the penetration 
of a body. | 

Prof. S. Rejt6 (Budapest) entirely agreed with Prof. Heyn’s 
exposition. Accepting this, however, he concluded that the methods 
Martens. Heyn and Meyer were not contradictory, but comple- 
mentary, and that both might therefore find practical application. 
When, for instance, the greatest admissible load on a bearing was 
to be determined, the method Martens-Heyn would answer; 
but when the degree of wear of a bearing was to be determined, 
the application of the method Meyer would be justified. 
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Mr. J. E. Stead (Middlesbrough) stated that he had used the 
Brinell machine for several years; recently he had found it very 
useful in various directions. 


The “Shore”? method rebound, mentioned by Rosenhain 
was very useful for determining the various degrees of hardness 
in spur-wheels and other gear. All the teeth could be successfully 
tested under the machine, and the degree of hardness of each could 
be ascertained. All motor-car gear wheels could be tested in the 
same way. Some tool manufacturers in Sheffield also used this 
hardness test method, and tools which did not give the necessary 
rebound were returned to the smith for retreatment. 


Prof. E. Heyn stated that, in supplementing his report on the 
development of metallography, he had to dwell upon the great 
loss which metallographical science had suffered by the death of 
Dr. Sorby whose well known metallographical researches had 
formed the starting point of metallography. He was anxious 
to express his regret that he had not, at the time, known of 
Dr. Sorby’s death. He was convinced that all the members were 
profoundly affected by this great loss. 


The Chairman asked the members to rise in honour of 
Dr. Sorby. (This was done.) 


(Luncheon Interval.) 


The Chairman called upon Dr. Ludwik to conclude the 
discussion. 


Dr. P. Ludwik (Vienna) said that he could only refer to a few 
points as the hour was so advanced. 


With regard to the remarks of Dr. Benedicks he had to 
reply, that Kick’s law of “proportional resistances’ was valid, 
not only for the cone-pressure tests, but. also for the ball-pressure 
tests; that was proved by the experimental researches of Eugen 
Meyer, Harold Moore, Rasch, Rejté, Stribeck and others. 
The apparent deviations from the law which Benedicks had 
observed, were probably attributable to accessory influences 
(occasioned by cold-working, skin: hardness, dimensions of test 
Specimens &c.). 


The cone-pressure apparatus of the Aktie Bolaget Alpha of 
Stockholm, designed for automatic measurement of the diameter, 
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to which Mr. Roos had drawn attention, seemed likely to prove 
very useful. As regards the errors which according to Rosenhain 
would arise from the rounding of the point of the cone, he would 
refer the meeting to the literature on the subject. By the aid of 
a control ring which was fitted to the cone-pressure apparatus 
for depth measurement, such errors would easily be discovered 
and allowed for. That diameter measurements were preferable, 
with small cone penetration, to depth measurements, had been 
pointed out by himself (Dr. Ludwik). 


He had been very glad to hear Mr. Stead’s statement that 
ball-pressure and cone-pressure tests had been adopted by metallo- 
graphers. Prof. Hannover had demanded to leave rebound methods 
altogether out of question in discussing hardness tests. As to this 
point Dr. Ludwik reminded members of the experiments of Turner 
who had found, that the elastic properties exercised a decided 
influence on the height of rebound (oak wood would appear to 
be “harder” than copper, rubber as “hard” as rail steel). All the 
same, such methods might be utilised for homogeneity tests and 
even for comparative hardness tests of materials fairly of the same 
kind, in particular hardened steel. 


In this connection the speaker pointed out, that the very 
interesting discussion on hardness tests had once more proved 
that different methods of determining hardness might advantage- 
ously co-exist, both in pure science and in applied science, since 
different objects naturally called for different methods of testing. 


The Chairman having conveyed the cordial thanks of the 
meeting to Dr. Ludwik read the following resolution which stood 
inthe name of Mr. Hoénigsberg, of Vienna, and which was 
unanimously passed: 


“The Congress requests the Council to arrange that 
“the next Congress, in conjunction with the problem of 
“the determination of hardness by ball-pressure or cone- 
“nressure tests, receive reports on uniform tests for the 
“resistance of materials to Mechanical Wear, and that the 
“Council consider the advisability ofreferring this problem 


“oOo a. committee.” 
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The Section proceeded to the discussion of the chief problem: 


Cast Iron. 


Tables of Results of experiments onthe Strength of CastIron 
with Test Bars of various Cross-Sections, separately cast 
or cut from the casting (V,) by Sulzer Brothers, Winterthur. 


Mr. F. Meyer (Winterthur, Switzerland) confined himself to 
a few remarks, as the report was in the hands of members. Every 
foundry man, he pointed out, knew that the chemical composition 
of cast iron gave certain indications of its physical properties, and 
purchasers of iron relied upon analyses. They were fully aware, 
on the other hand, that samples of pig iron of exactly the same 
analytical compositions might possess very different strengths, and 
that the value of the iron was not alone determined by the analysis. 
Certain properties in iron depended upon the method of treatment. 
Experience, confirmed by the results of the experiments by Messrs. 
Sulzer, established the predominant influences of temperature, 
during melting and casting as well as during cooling. These 
influences might be more marked in different castings from the 
same ladle than the analytical differences in these castings. It was 
hence not admissible to draw conclusions as to certain mechanical 
properties from the results of technical analyses. Metallography, 
which had a severe task in dealing with castings, could not help 
them over the difficulties either. The two tables of the report 
demonstrated how misleading the indications might be, especially 
in separately cast thin test bars. Whoever desired to make sure 
of the properties of his castings would therefore have to conduct 
experiments like those described. 


Mr. Greiner (Seraing) was of the Opinion that the question 
of testing castings had not been well understood. The experimental 
results, no matter whether based upon chemical or upon mechanical 
tests, nerey gave indications as to the properties of a casting. 
The treatment was the chief thing, and the knowledge of the foun- 
dry man played an important part in the quality of the casting. 
Internal stresses might destroy a piece in use whose material had 
stood the tests. Thus it was not so much the quality that offered 
a security against fracture in the cylinders of agas engine, as the 
Skill which the foundry man applied in order to avoid internal 
stresses, 
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Dr. R. Moldenke (New-York) gave a brief abstract of his offi- 
cial report. 


On the Unification of the Methods of Testing CastIron (V,)}) 


Dr. Moldenke was not quite in agreement with Mr. Greiner. It 
was no doubt impossible to judge the quality of a material as 
little homogeneous as cast iron from the behaviour of a separate 
Or a cast-on test bar. Cast iron was a mechanical mixture of steel 
with carbon and other elements like P, S, Mn, &c. The strains in 
the casting could not be determined without breaking it. It was 
hence necessary, and this was confirmed by the most recent re- 
searches, made in Germany and America, to examine the quality 
of the material when a casting was to be estimated, and to insist 
that suitable materials were used in casting. 

Mr. A. Greiner objected that in practice good castings were 
very often produced from an iron whose chemical analysis later 
on was not considered satisfactory. 

Dr. R. Moldenke thought that they could not speak of bad cast 
iron; for an iron could only be relatively bad, with regard to its 
destination. Dr. Moldenke finally moved the following resolution 
which was adopted: 


“The Congress recommends to refer the problem 
“of methods of testing cast iron (dealt with by Com- 
einitéee- 25) to’ Committee I.“ 


The Chairman directed attention to the interesting report 
by Prof. M. Rudeloff. 


Influence of High Temperatures on the Mechanical Pro- 
perties of Metals (VI,) 


the author of which was unfortunately prevented from presenting 
his report. On the motion of Mr. M. Krause (Berlin) the following 
resolution was passed: 


“The Congress takes note of the excellent report 
“by Prof. Rudeloff and warmly thanksthe author for it. 


1) The official report drawn up by Dr. Moldenke as Chairman of Com- 
mittee 25 could only be printed after the Congress. It appeared in Nr. 13 of the 
“Proceedings*, 
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Electricity and Magnesium in their relation to Mechanical 
Testing. 


Prof. L. Guillet drew attention to the report by Mr. A. Grtn- 
hut and Dr. F. Wahn (of Vienna) on: 


The utilisation of the Electric and Magneti¢ertopermies 
of Materials in conducting Mechanical Tests (VII,) 


and to the report by Mr. E. Rasch (Gr.-Lichterfelde) on: 


Method for Determining: the Elastic) Strenetiageent ees 
means of Thermo-electric Measurements (VIIs) 


and opened the discussion on the bearing of these questions. In 
his opinion the measurement of the electric conductivity would 
permit of a more rapid and easy recognition of the properties of 
materials than mechanical tests, particularly in the examination 
of special steels. He moved for the appointment of a committee to 
enquire into these problems. 


Prof. P. Weiss (Zurich) then communicated a résume of his 
report, copies of which had been distributed, on: 


Ferromagnetism and the Study of Metalls and Alloys (VH,). 


He showed that if magnetic criteria were not yet utilised to their 
full extent, the fault rested with the imperfections of the theory 
and of experimental technics. He indicated what he had done to 
fill up this double gap, and explained the precise nature of the 
transformations of iron. Contrary to the opinion so far held, the 
a and 6 states did not represent two distinct phases; the y state, 
however, was a novel phase different from the phase which com- 
prised both the others. The speaker finally pointed out, how some 
still doubtful points of the system iron-carbon could magnetically 
be studied. 


The Chairman put to the vote a resolution moved by 
Mr. Guillet, which was accepted in the following terms: 


“The Congress recommends the nominationegs 
“a Committee for studying the use: of, theiieleciaas 
“and magnetic properties of metals in testing 


“materials.= 
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Dr. W. Rosenhain (Teddington) presented his report on. 


Slag Enclosures in Steel (I,). 


Offering a brief summary of his report, which emphasised the 
great importance of slag enclosures on the behaviour of metals, 
the author stated that the detection of the enclosures was a com- 
paratively easy thing. The most direct method was an examination 
of a micro-section of the material. 


In the case of rolled and forged materials the section should 
be longitudinal, since a transverse section would present the en- 
closures as very minute, dark spots which might easily be over- 
looked. The origin of the enclosures was still obscure, although 
the various researches had thrown much light upon the nature 
of the enclosed impurities. Stead had suggested that the en- 
closures in steel resulted from the introduction of oxygen into the 
steel during the melting or the teeming process, and thought that 
the complete protection of the molten metal from the oxygen 
would-be a remedy — though difficult to realise in practice — against 
the formation of silicates But Dr. Rosenhain himself believed 
that steel was also liable to contamination from numerous other 
causes, during the melting and on its way from the converter or 
furnace to the ignot-moulds, and that it would be necessary to 
guard against these changes as well. The speaker finally pointed 
out that the enclosures were far more dangerous in steel (espe- 
cially if embedded in the pearlite) than in wrought iron. Every 
slag enclosure had practically to be considered as an internal fissure, 
and the study of these impurities was hence of the highest importance. 


Prof. L. Guillet (Paris) agreed as to the importance of this study 
of the slag enclosures which excercised the greatest influence on 
the mechanical properties of steel. He quoted the case of some 
boiler plates. The plates gave a tensile strength of 42 kg/mm? 
and an elongation of 20 per cent, and were therefore passed and 
delivered. But fissures developed subsequently. The impact ben- 
ding tests, both of bars taken directly from the plate and of ther- 
mally prepared bars yielded poor results. It was found that the 
material contained slag enclosures which led to fracture. Impact 
tests were hence demanded for the acceptance of further supplies. 

In concluding Mr. Guillet recommended a careful study of 
the problem and moved a resolution to this effect. 
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Mr. J. E. Stead (Middlesbrough) confirmed the statements 
under his name given in the paper. He had suggested casting 
all steel, if possible, without allowing the air to impinge upon it. 
It was wrong to.expose the metal to oxygenate after producing it 
with extreme care. The action of the oxygen in the air led to the 
formation of slag enclosures, particularly by combination with the — 
manganese and silicon; some of these were eliminated, but others 
remained in the steel, and these were detrimental. 


He thought it was premature to conclude that fracture con- 
tinued from the slag into the neighbouring metal, and gave as an 
illustration the case of enamelled ware, the enamel of which 
cracked, no crack being transmitted to the iron underneath it. 


Mr. Segré (Rome) expressed the opinion that the frequent 
serious instances of corrosion of locomotive boilers were a con- 
sequence of slag enclosures. Proposing to charge a committee 
with the study of this question, he considered that this problem 
like others concerning the testing of rolling stock should be 
attacked metaliographically, and he drew attention to the physical, 
mechanical and chemical researches conducted by the Istituto 
Sperimentale of the Italian State Railways. In this connection 
the speaker referred to the examination, by the State Railway 
Department of track rails, which had not given satisfaction, with 
respect to their surface hardness and: composition. The Brinell 
machine had had especially to be modified for this purpose, and 
hundreds of kilometres of rail track had already been examined 
in this manner. Mr. Segré handed to the Chairman a description 
of his apparatus as well as a report by the Istituto Sperimentale 
on their ball-pressure tests and on the physico-mechanical and 
chemical tests of the Italian State Railway Department.}) 


The Chairman having put the motion of Mr. Guillet to 
the vote, this motion was carried in the following terms: 


1) Together with thése reports Mr. Segré presented to the Chairman a 
report by the Istituto Sperimentale of the Italian State Railways on their method 
of testing the materials for their electric plant (for telegraphy, illumination and 
electric traction), as well as a description of the electrotechnical laboratory of 
the Institute and their apparatus for determining electric resistance, 


A note added to the report suggested to create a special section of the 
International Association for testing the materials of electrical construction. 
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“In pursuance of the communication of Mr. 
“Rosenhain, which emphasises the importance of slag 
“enclosures in metallurgical products, the Congress 
“recommends the appointment of a Commission for 
“the purpose of studying methods for determining 
“the enclosures and their influence on the mechanical 
“properties of metallurgical products, and for the 
“study of the question in the whole.“ 


The Chairman adjourned the meeting of the second day 
at 2.30 p. m. 


Third Day of Meeting. Wednesday, September 8 1909. 


The Chairman, Director Busse, opened the proceedings at 
9.45 a. m. and called upon Prof. Kirsch who wished to make 
an announcement. 


Prof. B. Kirsch (Vienna), drawing attention to his report on: 


A New Mirror Apparatus for Measurement of Elasticity 
(VII,) 

invited members to examine the apparatus which was on exhibition 

in the lower rooms of the building; he would be glad to give 


explanations. 
The Section proceeded to the discussion of the chief problem: 


Endurance Tests. 
A letter was read which had been received from Mr. J. E. 
Howard (Watertown, Mass.), who had drawn up the official report on: 


Lhesabndurance of steel to Repeated stresses (IVj). 


Mr.J.E. Howard regretted not to be able to attend the Congress. 
He therefore wished to point out in this letter that his report con- 
tained observations, which would explain some of the phenomena 
of endurance tests, but which could not account for others. It was 
chiefly owing to this imperfection of our knowledge, that we were 
not yet able to interpret all the characteristic features of endurance 
tests, in which metals successfully withstood repeated stresses. 
The experience of members should enable them to clear up some 
of these points. 
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Prof. F. Schiile (Zurich) gave a summary of the report pre- 
sented by himself and E. Brunner on 


Quality Tests and Endurance Tests of Copper Wires (IV,). 


He emphasised once more the influence which the radius of 


curvature exercised in these tests. An 8 mm wire of hard copper | 


had, under a tensile stress of 2 kg/mm? and a bending stress of 
8kg/mm?*, shown almost unlimited strength when the radius of 
bending was 4m; whilst they had been able to break copper of 
medium hardness, or soft copper, or hard tinned copper, in en- 
durance tests when applying the greatest radius of bending and 
the smallest stresses. 


Prof. H. Le Chatelier (Paris) welcomed the opportunity which 
Howard’s report gave them for discussing endurance tests. This 
was undoubtedly the most important of all the questions submitted 
to the Congress; for the resistance to alternate stresses was of 
the highest importance in many industrially applied machines. 
Although the question had been raised by WoOohler, fully fifty 
years ago, there had so far scarcely been any practical investigations. 
The reason was easy to understand. Rupture tests, hardness and 
fragility tests counted by the millions, whilst the endurance tests 
hardly came up to hundreds. If they could not accelerate the 
rapidity of these tests, they would have to wait for centuries until 
they had arrived at the point which they had reached by other 
methods of testing. These experiments were indeed extremely 
laborious and expensive; some of the experiments mentioned by 
Howard had to be continued for a hundred consecutive days. 
The motive power required for them was in itself an important 
item. It appeared hence necessary to look for other methods, if 
they desired to make a little more rapid progress in endurance 
testing. The object of his remarks, was, in fact, to direct the 
attention of the Congress to novel ideas which were not yet 
completely settled, but which should without delay be submitted 
to a precise experimental control. 


“Perfect elasticity“ the speaker continued, “is a fiction. It does 
not exist in any of the materials at our disposal. In admitting its 
existence we content ourselves with an approximation, sufficient 
certainly for some practical applications, for instance, in the case 
of metals subjected to static stress as in metallic structures, but 
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failing in others. If the existence of an elastic limit were rigorously 
exact, there would be no question of alternate stress; a metal 
woud be able to withstand alternating stresses repeated for any 
number of times, as long as the limit were not exceeded. 

Every deformation of a body, however small, in fact gives 
rise to three distinct phenomena. When the stress which had 
called forth the strain ceases, we observe first a rapid return of 
the metallic piece to its primitive dimensions; that is the mani- 
festation of elasticity. But the specimen does not come back 
exactly to its initial dimensions; we can recognise this by means 
of methods of high precision. The specimen afterwards left to 
itself continues to undergo a slow deformation, approaching its 
initial dimensions more completely; these are viscosity phenomena. 
The specimen finally keeps a permanent deformation (set), 
extraordinarily small if you like, but not rigorously nil. These residual 
deformations are of an absolutely negligeable magnitude compared 
to the elastic deformations; they do not amount to the thousandth 
part of the latter, and they are therefore without importance in 
the static use of metals, But the repetition of the deformation can, 
by totalising these parasitic phenomena, negligeable so far as a 
single deformation in concerned, finally produce a profound alte- 
ration of the metal and even lead to its fracture. That is the 
elementary factor upon which the rupture of metals under alter- 
nating stress seems to depend. 


The direct measurement of these non-elastic deformations is 
extremely delicate. It is impossible with the apparatus at present 
at our disposal for the deformation by simple tension under the 
conditions under which mechanical tests of metals are usually 
conducted. But they can easily be observed, when we study the 
deformation ensuing in fine and very long wires under tension; 
this method of observation does not lend itself, however, to the 
study of metals in the state in which industrial works supply them. 

Mr. Guillet, Secretary of the Faculty of Sciences in the 
University of Paris, has devised a really practical method for the 
study of these phenomena, a method which can be applied without 
difficulty in all industrial laboratories. It has the advantage moreover 
of permitting the use of metals as bars in the cast or rolled state, 
welded, forged or submitted to any thermal treatment. The method 
is hence directly applicable to the study of industrial products. 
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The principle of this method in the following: Independent 
of the residual elongation the viscosity of the metals manifests 
itself by the damping of the oscillatory movements which is easy 
to observe. We take a bar, bent to a U, like a tuning fork, ora 
straight bar which is firmly gripped. We bend the bar by a definite | 
amount and leave it to itself; the bar will begin to assume a ~ 
vibratory movement which gradually dies out. We determine the 
rate of decrement in the amplitude of the oscillations, either by 
direct observations, or, more simply perhaps, by producing records 
on a smoked drum or by photographic methods. 

The first experiments by Mr. Guillet have at once brought 
out two very important facts. 


1. Two metals, very similar in their chemical compositions 
and in their mechanical properties, e. g. a weld iron and a very 
mild ingot-iron, may shew damping coefficients differing in the 
ratio 1:3. This test thus indicates a property which the so far 
employed methods fail to reveal. 

2. The viscosity of the metal changes in the same measure 
as the metal is altered by the repetition of alternate stresses. In 
the habitual method of alternate stress application we see nothing 
as long as the metal is not completely broken; the watching of 
the damping, on the contrary, enables us to follow the progressive 
straining long before fracture ensues. 

Finally this method of observation may very simply be 
combined with a rapid and economical process for developing 
alternating stresses. For the vibratory movements necessarily set 
up alternating strains, and they offer the great advantage that they 
can be maintained at an extraordinarily small expenditure of motive 
power. Mr. Guillet has devised a very elegant arrangement for 
maintaining, by electrical means, vibratory movements of strictly 
defined amplitude. The description of this apparatus has been 
published in the Revue de Métallurgie (vol. VI, page 885, 1909). 
The same experimental arrangement thus permits of calling forth 
a progressive straining of the metal by the repetition of stresses, 
and of measuring at every moment the viscosity related to this 
strain. This method of testing requires apparatus which are ten 
times less expensive that the apparatus actually in use; it permits 
of conducting the experiments ten times more expeditiously, and 
of beginning with the observation of the strain after ten times a 
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smaller number of alterations. The novel experiments are therefore 
a thousand times less expensive than the old ones, and that figure 
may possibly be multiplied. 

All the same we should not yet exaggerate the importance 
of the results which we may expect from this new method. We 
cannot so far assert that it will solve, in a decisive manner, all 
the problems which the resistance of metals to alternate stresses 
offers. Yet we can affirm, without fear of error, that it will, in 
one way or another, produce very interesting results. All the 
properties of bodies are in fact functions of a very small number 
of distinct elementary factors. The novel discovery of one of these 
factors and of a method of its measurement always leads to con- 
sequences of incalculable importance. I need only remind this 
Section of the revolutions which have been brought about in 
metallurgical industry by the study of the chemical composition 
by analysis, the study of the structure by metallography, of 
the tenacity by tensile tests, of fragility by notched bar impact 
tests. It is certain that the study of viscosity by vibration tests 
will likewise open up new horizons, though perhaps in directions 
different from those in which they are looked for. 


Here is, for instancc, a curious fact that these researches 
have already brought out. Prof. C. E. Guye, of the University 
of Geneva, has, in his studies of the variation of viscosity in very 
fine wires with temperature, observed that the viscosity increases 
very rapidly with the temperature. That observation suggests the 
question, whether the resistance of metals to alternate stresses 
does not rapidly decrease with the elevation of the temperature. 
The frequent cases of fracture in the parts of power engines which 
are heated by the steam cannot be explained by a dimi- 
nution in tenacity. For according to the old experiments of 
Mr. André Le Chatelier, which have repeatedly been verified 
since their publication, steel is a more resisting material at 200° C. 
than at ordinary temperature, and yet in practice it will not so 
long remain fit for duty. 

These same experiments of Mr. Guye show that, though all 
the metals display like steel an increase of their viscosity with 
temperature, the law is not the same for all of them. In the case 
of gold, silver, copper, platinum the curve is continuous and ap- 
proximately parabolic. In the case of steel we observe a well 
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marked maximum at the temperature of 180° C. and a minimum 
at 240° C. This fact seems to be related to the well-known ano- 
malies which iron presents near those temperatures,. and which 
are generally classed under the vague and little exact denomination 
of “blue heat“ fragility. It is true that these phenomena manifest 
themselves at higher temperatures than the perturbations of the 
viscosity which Mr. Guye has discovered. But we have to con- 
sider that the strains developed in the viscosity experiments attain 
only a very small fraction of the elastic limit, while the strains in 
the blue heat brittlenes exceed the elastic limit, since they produce 
the permanent deformation of the metal. The critical temperatures 
may be a function of the magnitude of the produced strains.“ 


After having shown diagrams explaining the results of the 
experiments with copper and with steel, the speaker expressed 
the wish that, by the time of the next Congress of the International 
Association, this method of testing would have been submitted to 
critical examination in different laboratories and different countries. 


Prof. E. Heyn thanked Mr. Le Chatelier for his interesting 
communication and wished to remark that the problem of en- 
durance tests was intimately coupled with two names: Wohler and 
Bauschinger, whom they should always remember with grati- 
tude. The Guillet experiments on the vibrations of metals and 
on their damping offered a very high interest, and they would 
look forward to further information at the next meeting of the 
Congress. | 

The Chairman invited discussion on the chief problem of 


Impact Tests. 


Mr. G. Charpy (Montlucon), in opening the discussion, re- 
ferred to his report, copies of which had been distributed, on: 


Impact.dests. of Metals. (I), 


His object had been to devise means of arriving at a practical 
test. In spite of the great number of publications on Impact tests, 
many questions remained open.. Yet the conviction had become 
general that these tests offered industrial interest, They appeared 
still too complicated, however, for the exact determination of the 
influence of all the factors which came into play. To obviate the 
difficulties it had become necessary to regulate certain details in 
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aiuniform manner which was based upon an arbitrary, yet pre- 
cise understanding. If the results thus obtained did not possess 
a signification which was perfectly defined scientifically, they were 
at least inter-comparable, as was the case with all the other prac- 
tical tests. It was equally important for the practice to determine 
the correlation between the results of the tests and the usual pro- 
perties. From this point of view the .speaker suggested two 
proposals: : 

‘1. A typical method of testing should be established which 
could be recommended as a comparative method and which, 
above all other things, admitted of making use of somewhat the 
same language. The preparatory work for such a type of tests 
had already been supplied in all its details by the German Asso- 
‘ciation under the direction of Prof. Martens. Certain minor details 
might, if necessary, be modified; the method could then be placed 
at everybody's disposal and be recognised as a comparative 
method. 

2. This typical method having been fixed, a committee should 
be nominated which should compile the results of experience 
gained in the practical use of materials, in order to establish a 
correlation between the mechanical properties as revealed by these 
tests and the behaviour of the materials in use. 


Prof. F. Schiile drew attention to an important point. which, 
in his opinion, stood in the way of adopting, in its integrality, 
the method of Ehrensberger’s report which Mr. Charpy 
Proposed as typical. It was the question of the apparatus. 
it was not possible to specify one single apparatus, such as the 
Charpy pendulum hammer, for all the comparative tests. There 
might be other apparatus which yielded equally good results. The 
speaker was himself making use of an Amsler apparatus which 
recorded the velocity of the falling tup in a perfect manner. The 
diagram of the work done in fracture was recorded on the drum, 
-and the height of fall could conveniently be adjusted in this apparatus. 

Mr. G. Charpy did not consider, that it was indispensable to 
recommend one particular apparatus for all the tests. It would be 
sufficient to lay down the general conditions which the machines 
had to satisfy. The mode of operation would be as in.the case 
of ordinary tension tests which were performed on machines of very 
different systems, whose comparability had previously been verified. 
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The most important conditions to be defined in order to 
secure comparable results of impact tests appeared to be the 
following: 


1. The rupture should be effected at one blow; it should be 
possible to measure both the energy absorbed as well as the 
energy remaining in the tup. 

2. The dimensions and the shape of the tup as well as of 
the supporting knife edges should be determined. 

3. The dimensions and shape of the test piece should be 
fixed. The German test bar of 30 by 30 mm provided with a 
rounded notch should be recognised as standard test bar. This. 
bar would not suffice for all the tests, notably not for experimenting 
with small pieces; a smaller test bar should likewise be recom— 
mended, therefore, whose dimensions should however rigorously 
be deducible from those of the standard bar. The fulfilment of 
this condition had been rendered possible by the experiments of 
Mr. Révillon, who had endeavoured to deduce a law for deriving 
the dimensions of other test bars from those of a given bar. In 
most cases it would be sufficient to adopt a small bar bearing 
the ratio 3:1 to the standard bar. Special conditions should also- 
be fixed for testing sheet metal. The test piece should have the 
thickness of the sheet, and the notch should be normal to its. 
surface. 


Referring to the joint report by himself and Mr. Brunner on 
Notched Bar Impact Bending tests (III.). 


Prof. F. Schiile (Zurich) remarked that the specific work or 
rupture should be calculated, not per unit cross section, but per 
unit volume, that was to say, the unit volume of the material 
which was strained beyond the elastic limit. That quantity was. 
independent of the depth of the notch. The method would enable 
them to study the influence of the shape of the notch. 

The volume of the material which had been strained beyond. 
the elastic limit was easily determined when the test bar had been 
polished on the sides. When the yield point was exceeded, the: 
polished surface appeared dim. 


Mr. Chartiée (Paris) thought that the proposed form of test 
bars was well suited for special steels and for ordinary weld steels. 
and rolled steels of first quality, but would be too expensive for 
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common rolled steel, notably such as used for bridge and iron 
Structures. For those steels were rarely homogeneous and required 
repetitions of the impact test. It appeared desirable to fix, in 
addition to the standard bar proposed by Charpy, another form, 
which could readily be prepared at small cost; it would, however, 
be understood that in all cases of disagreement between supplier 
and purchaser, the decisive tests should always be made with the 
Standard Charpy test bars as approved by the International 
Association. 

Prof. Heyn pointed out, that the plenary meeting was drifting 
into doing committee work. The numerous points which had to be 
observed and fixed in the establishment of a comparative test could 
not be made the subject of discussion by the Congress. Prof. Heyn 
then supported the pronouncement of the German Association in 
favour of the selection of one machine. As long as the influences 
of the different designs were not understood, that factor, which 
would render the comparability questionable, had to be eliminated. 
For this reason the Committee of the German Association had 
recommended the exclusive use of the Charpy machine. 


Mr. Charpy opposed the suggestion of Prof. Heyn, that the 
discussion of the details of the tests should once more be referred 
back to a committee. It was urgent to come to such a solution 
that the question might pass into the domain of the industrial 
practice; it should not again be shelved for several yearsn livhad 
been the object of his report to fix the test conditions, although 
he perfectly recognised that certain details could not yet be settled 
and would have to be reserved for future discussions. Sufficient 
guidance for the conduction of tests was needed at the present 
time in order that comparable data could be obtained, of which 
the committee, which he proposed in the second instance, could 
avail itself. The test conditions which the Congress had to 
recommend, would be authoritative for those establishments which 
wished to carry out impact tests and which had no particular 
reasons to employ other experimental methods. As regards the 
apparatus he was personally of the opinion that a certain liberty 
should be left. 

Prof. Heyn did not at, the time being, consider that the results 
of tests could be rendered comparable unless they agreed as to 
the apparatus. The object which Mr. Charpy aimed at might be 
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realised in the following way. There were undoubtedly excellent 
apparatus well suited for impact tests; some works possessed such 
apparatus and wished to make further use of them. The use of 
these apparatus would not involve any difficulties. It would, however,, 
be necessary to enquire into the relations existing between the 
results obtained with those machines on standard bars, and the 
results obtained with the standard machine. That proposal would 
pave the way to an understanding, and they might, without fixing 
one type of apparatus, obtain results which could be expressed. 
in a common language. 

Unless they decided on a standard impact testing machine 
and reduced the results obtained with other machines to the standard 
figures, a great mass of material would be brought together that would. 
certainly not be comparable. Prof. Heyn referred to the publication 
of British «tests which were made with different apparatus and 
which had given very different results. These facts could not be 
ignored. They might decide upon the relations which ought to 
exist between the standard impact testing machine and other 
machines, without limiting the free selection of a machine and 
while preserving the comparability of the results. 


Mr. Charpy remarked smilingly that it would be ungratefub 
on his part to decline the homage paid to his machine. But the 
decision of the Congress should not lose sight of the fact, that a 
better machine might be found, nor refuse recognition of a better 
machine already in existence, as, for instance, that described by 
Prof. Schtile. | 

Prof. Heyn explained that his remarks were not exclusively 
to be interpreted as in favour of the Charpy hammer. Every correctly 
constructed apparatus might make a standard machine. It was 
immaterial to him which type would be selected; but he considered 
that it was necessary to decide on some type as the standard. 
If the future should teach them, that the construction of the machine 
did not exercise any influence, they might dispense with adhering 
to some particular standard. But they should not a priori presume, 
that this influence did not count. 

Prof. H. Le Chatelier reminded the Section that the question 
of impact tests had been on the Agenda of the International Associa- 
tion for the last eight years. The Congresses both at Budapest 
and at Brussels had deliberated on reports without arriving at any 


oe AMO ee 


Section A. 


decision. They should not again indefinitely adjourn the questions, 
not those, at least, upon which they were agreed. The measure 
to be taken was simple. They were in accord as to the test bars; 
they were not in accord as to the machine. It would hence be 
logical not to pass at present any resolution regarding this latter 
question, but to refer it back to the Committee, 


Mr. A. Greiner believed that the motion proposed by Prof. Heyn 
had not quite been understood by Mr. Charpy. The motion in 
fact fell in with the wishes of Mr. Charpy. Every establishment 
would be in a position to make use of an impact testing machine 
of its own choice. In order to eliminate all doubts as to the 
comparability of the results, however, the data should be reduced 
to results which would, under the same conditions, have been 
obtained with the Charpy machine. 


Mr. H. Le Chatelier pointed out that the comparison of 
results obtained with different machines and with the standard 
Ch arpy machine would involve difficulties. There were, moreover, 
three sizes of the Charpy machine; which was one to be selected? 
The comparison ot the machines themselves implied considerable 
difficulties. They could not simultaneously break the same bar on 
two different machines. That needed two different bars, and there 
would often be as much difference between the bars as between 
the machines. And if they adopted some standard machine to-day, 
would they not call forth the protests of all the constructors of 
other machines? Would not the Congress be regarded as the enemy 
of progress? For these reasons, the speaker proposed that the 
Congress should confine itself to the first part of the resolution 
(the test bar) and should refer the second part (the machine) to 
the competent committee which would have to deliberate on all 
the other questions. 

(Luncheon Interval.) 

Mr. G. Charpy concurred in the views expressed by Mr. Le 
Chatelier and submitted finally the following resolution, which 
he had drawn up in conjunction with Professors Heyn and 
Le Chatelier; 

A. In order to facilitate the comparison of results 
of impact bending tests on notched bars the Congress 
recommends the observation of the following rules, unless 
circumstances prevent. 
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1. The notched bar impact test permits the determination of 
the specific work of rupture or resilience referred to the sq. cm. 
of the notched section. 

2. a) The bars cut to sufficient length have the following 
dimensions: 80 X 80 X 160 mm. They are notched to a depth of 
15 mm. The bottom of the notch bar is cylindrical of 2 mm. radius. 

b) For rolled materials such as plates, the bars have the 
same thickness as the plate, the skin being preserved, and a width 
of 30 mm. They are notched to a depth of 15 mm. The notch is 
perpendicular to the surface of rolling and has a cylindrical bottom 
of a radius of 2 mm. 

c) For pieces which do not permit the use of bars 830 X 30 mm. 
in section the bars are 10 X 10 mm. They are notched to a depth 
of 5mm. The bottom of the notch is cylindrical with a radius 
of 7/..mm, 

d) The size of the bars used is always to be recorded. 

3. In the combined bending and impact tests the impact of 
the tup is applied at the centre of the bar, on the opposite side 
to the notch, the tup having a knife edge rounded to a radius of 
2mm. They rest on knife edges spaced 120 mm. apart in the case 
of types a and b, and 40 mm. in the case of type c. 

4. Ihe rupture of the bar shall be effected by a single blow 
by means of an apparatus which enables the work done in fracture 
to be measured. 

5. The temperature should be as nearly as possible between 
15 and 25° C, and shall in all cases be noted with the results 
of the tests. 


B. The Congress recommends that a Committee be 
appointed to collate all the results which permit the 
establishment of relations between. the properties, 
brought out by the tests, and the behaviour of the 
pieces in service, and that this Committee also study 
the comparison of the various apparatus. 

The resolution was carried. 


The Section proceeded to the discussion of report III,: 
The Definition of Resilience in Impact Tests. 


Mr. L. Révillon (Paris) presented a brief summary of his report, 
copies of which were in the hands of the members. He commented 
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on the results of the numerous tests, he had made with a view 
of determining the relations existing between the results of impact 
tests performed on different test bars. The data gained by these 
tests, which already constituted an important basis for the work 
of the committee that had been appointed on the proposal of 
Mr. Charpy, seemed to demonstrate that it was possible to 
compare results obtained by impact tests on bars of different 
dimensions, and this by referring the data found to the unit *of 
the whole (unnotched) cross-section. It was, however, necessary 
always to experiment with test bars of the same type, enlarged 
or reduced in a uniform ratio, and to reduce the distance between 
the supports in the same ratio at the same time. 


So far as these experiments admitted of generalisation, they 
would enable engineers to adopt a standard test bar and to employ 
in all impact testing machines appropriate bars which would, both 
as regards the dimensions and the distance between the supports, 
bear a definite ratio to the standard test bar. Thus the comparability 
of the results and the unification of the methods of testing would 
be secured. 


Impact Tests at Various Temperatures (III,). 


Prof. L. Guillet (Paris) said that his printed report formed a 
continuation to the memoir presented by Mr. Charpy to the 
Brussels Congress. The most important conclusion which the 
speaker and Mr. Révillon had drawn from their experiments was, 
that steels displayed in impact tests a distinct minimum of the 
work done in fracture almost exactly at 475°C. This temperature 
of the minimum of resilience was independent of the carbon 
percentage. Mr. A. Le Chatelier, when informed of this obser- 
vation by Guillet and Révillon, had remarked, that they would 
probably displace the temperature of the minimum if they changed 
the velocity of the shock. They had consequently conducted further 
experiments; these experiments were not embodied in the report, 
but had been published in the “Revue de Métallurgie“. They proved 
that in spite of the fact that the velocity of the impact had been 
varied in fairly large limits, no change had been observed in the 
temperature of 475°C., corresponding to the minimum. 


The speaker then communicated the results of quite recent 
impact test experiments on special steels. The curves, he exhibited, 
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were the outcome of long-continued researches, and he had, in 
conjunction with Mr. Révillon, arrived at the conclusion that there 
existed an intimate relation between the resistance to shock in 
the hot and the structure of the steels, notably of nickel steels. 
It had clearly been established that nickel steels of pearlitic structure 
gave a curve for the variation of brittleness with temperature 
similar to that of ordinary steels, which were also known to be 
pearlitic. The martensitic steels yielded an absolutely continuous 
fragility curve, without maximum or minimum. Thus the resistance 
to shock increased at the same time as the temparature. Finally, 
the polyhedric steels marked a maximum at 100° C., and further 
a minimum at 460°C., like the pearlitic steels. The author added 
that the curve of the martensitic steels had been obtained at a 
temperature which was not high. When these steels were heated 
to a notably higher temperature and for a sufficient period to 
make them assume the polyhedric state, totally different results 
were obtained in accordance with the structure which the steel 
assumed (polyhedric or martensitic). 


Mr. Guillet expressed his intention of extending this research 
to diverse special steels. He hoped to present to the next Congress 
a report on tension and compression tests in the hot, questions 
which seemed to be of particular importance, considering that 
metals had often to perform their duty at high temperatures, for 
example in steam turbines. ) 


Impact Tensile Tests. 
Mr. Breuil (Paris) presented his report on: 


Impact Tensile Tests (III,). 


1) Engineer-in-Chief Bartel, of Budapest, prevented from attending in the 
last moment, communicated in writing\ several remarks upon the report of 
Messrs. Guillet and Révillon, Researches incurring the blue heat brittleness 
(A, Martens, Mitteilungen, Berlin 1890, page 159) appeared to him particularly 
desirable, Scientific experiments should elucidate why it was detrimental to work 
ingot-iron at certain temperatures, His own (Bartel’s) experiments had convinced 
him that the dangerous temperature ranged from 0° to 500°C for diverse kinds 
of ingot-iron, and that certain chemical elements seemed to influence this blue 
heat brittleness, He would suggest to Guillet and-Révillon to investigate this 
point and to test metals worked at blue heat on impact machines in the cold, 
The chemical analyses should determine N, in addition to P and S. 
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Mr. Welikhoff (Moscow) presented his 


Note on the Rupture of Standard Cylindrical Test Rods 
by Longitudinal Impact (II,). 

Numerous experiments, conducted at the Imperial College 
for Engineers, at Moscow, Mr. Welikhoff stated, proved that 
these tests deserved the highest attention. They could easily be 
carried out with the aid of the method which he proposed. They 
yielded -data which were in accord with static tests and might 
even replace the latter, and they further permitted of determining 
the work done in fracture with accuracy. He recommended that 
the Committee charged with examining the: impact tests and to 
unify their methods, should also enquire into longitudinal impact 
tests (Acclamation). 

The Chairman then invited, His Exellency Dr. Exner (Vienna) 
to report: 


On the International Statutory Regulation of Technical Testing. 


“If the same units of measures and weights were legally 
established in all the states of the world, an ideal state of affairs 
would result. Notwithstanding the very general use of the metric 
system, the resistance offered by Great Britain to the adoption of 
this system still places us very far from this desirable ideal. On 
the other hand, the fact should not be lost sight of that it has 
required decades of efforts and of preparatory work to accomplish 
the progress already made. 

The International Association for the Testing of Materials, now 
holding its V Congress in Copenhagen, has for the last 25 years 
been endeavouring to attain such an object, to arrive at a wholly 
homogeneous terminology, to secure the unification of methods 
of testing and to obtain that equal value be given to the reports 
issued by the various authorised establishments. The organisation 
of our International Association gives evidence of a very great 
development; from small beginnings, (it was started by a very 
limited number of specialists,) it has grown to be a powerful insti- 
tution, comprising several hundred scientists. 

Since the Zurich Congress of 1895 and partly with my col- 
laboration, the programme of investigating the various structural 
materials has been extended so as to include numerous other classes 
of raw materials and manufactured products. 
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There is no restriction to the scope of our work and no need 
whatever to limit it to the testing of materials; on the contrary it 
may be made to embrace the whole range of methods of technical 
research. 


Both the testing of materials and other, more or less closely 
allied, technical research work gain in practical importance when 
an international agreement is arrived at concerning them. Among 
such researches may be mentioned, for instance, the goldassay in 
articles made of alloys, the testing of barrels for small arms, the 
technical and bacteriological examinations of foodstuffs, and so forth. 


The extension of the programme with a view to increase the 
efficiency and the importance of the Association may take place 
in various directions as to which the questions which we have been 
discussing afford a few indications. 


I. Methods of testing materials. 
Under this heading the following points may be considered: 


a) The methods hitherto used, or proposed, may be investi- 
gated in regard to their reliability and their accuracy, or 


b) new methods may be tried under manifold conditions and 
reported upon (Metallography: I,, I,, 1,; Hardness testing: I], hy 
I], etc.) can be followed, or again 

c) recognised methods for meeting special purposes can be 
mproved either with reference to the proposed use of the material 
(conditions of supply) or with regard to questions of processes of 
treatment, production, manufacture and so forth. 

In the above, the problem resolves itself into a deductive 
utilisation of material testing, either “pro futuro“ or “pro. pretentorve 

All the points under this heading concern the greater development 
of the science of testing materials by perfecting the methods them- 


selves or by improving the machines, apparatus, instruments used 
in connection therewith. 


Il. Extension of the Range covered by the Work. 

The present programme, besides two distinct sections: A. Metals, 
B. Cement, Stone and Concrete, comprises a third, indefinite section, 
dealing with Sundries and including Wood, Indiarubber, Oils, Paints, 
Rust preventives, Asphalt, Paper, Tissues, Belting etc. 
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a) This division is not a satisfactory one, since, for example, 
materials for reinforced concrete structures can hardly be separated 
from the first section dealing with metals; it is, further, insufficient 
and decidedly unscientific. The section covering “Sundries* should 
be divided up into technologically well-defined sub-sections. And 
at this point it may well be asked whether, instead of grouping 
the subjects according to the materials dealt with, it would not 
be preferable to select a grouping according to the nature of 
the testing methods followed. 

An attempt could at least be made to adopt, simultaneously 
with that now selected, 


b) a grouping according to the methods of research or according 
to the scientific fields from which they have been chosen. The new 
groups might fall under the headings: Microscopy, Metallography, 
Bacteriology, Engineering, Physical Technics, Technological Mecha- 
nics, Chemistry, Electrotechnics, Electrochemistry, etc. 

It is perfectly clear that, were such a grouping selected, the 
sphere of material testing would considerably be widened; it 
might become so extensive as to cover, besides structural and 
construction work, the whole domains of engineering, industry 
and trade. 


Poeeeiiisaiton of the Expedients used in Engineering for 
lndusiriai- Problems. 


International Conferences have enabled our Association for 
Testing Materials to spread the news of novel inventions and of 
progress and to pave the way for a unification of technical language 
as well for reciprocity in the recognition of results achieved. 
There is no reason, why the same success should not be attained; 
by the same intermediation, with respect to the testing of motors, 
power engines and tool-making engines, and to the technical tests 
by means of which success of the processes applied is secured 
in various industrial branches. 

Our chief aim in industry and trade, not less than in 
engineering, is to secure a final result which will realise 
our original intentions to the fullest extent. Without wishing to 
dispute the justification, and even the indispensability of speciali- 
sation in research, or to depreciate its value, we most concede that 
we can no longer continue to consider the properties of materials 
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apart from their connection with the methods of treatment and 
the technical processes applied — if we aspire after progress in 
its totality. . 

The latest phase in manufacture and in the means of loco- 
motion is represented by automobilism and aerial navigation. 
Empirical methods have in that field, certainly yielded astonishing 
results, and technical researches have already solved a number of 
isolated problems appertaining to this comparatively new industry; 
but the testing of materials has been neglected to an incom- 
prehensible extent. More progress would have been achieved, had 
this been brought to act at the right moment. Further, the ‘fact 
that the testing of materials has not been included in the syste- 
matic trials made with the different models and expedients, has 
tended to cast doubts upon the whole matter and upon the results 
obtained, considered from technical and economical standpoints. 


It is precisely the remarkable development taken by the methods, 
for testing materials, the importance of which is now generally re- 
cognised, which calls for the extension of technical testing to all 
branches of production and locomotion. 


The development of material testing, of industrial laboratories, 
and so forth, has sufficiently paved the way for the extension of 
technical research over the whole range of production and manu- 
facture; all that has been accomplished so far may be considered 
as preliminary work, as efforts, however, which have matured, 
and the science of testing is now able to play in the world’s 
economics the part which belongs to it. If this train of thought 
be accurate, then duties in regard to supervision and legislation 
fall to the industrial nations, the fulfilment of which duties can 
no longer be considered solely from the national point of view. 
We have to remember our duty to international progress. 


As an illustration of the foregoing may be mentioned the 
testing in the automobile and aeroplane trades!) etc. of to-day, and 


1) With reference to the automobile industry the speaker pointed out that 
there were in various countries, but more especially in France, where this industry 
had its birth, a number of testing laboratories which were: 

either exclusively private laboratories, 

or public institutions. 

The former had been put down by the manufacturers for their own use, 
and the latter were due to public bodies or to the State. Among the private labo- 
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the commencements made in Austria to promote tests and researches 
by legislative means and by State supervision. 


The Chairman thanked Prof. Exner for his most interesting 
and far-reaching suggestions which, as the lively applause suffi- 
ciently indicated, had appealed to the Section. 


ratories there were some which were not closed to outsiders, but were placed at the 
service of the industry generally. A praiseworthy example of one of these was the testing 
laboratory of Messrs.de Dion-Bouton which had earned a well-deserved reputation 
in the matter of material testing. Among the latter institutions were the laboratories 
of the Automobile-Club of France and of the American and Spanish Automobile 
¢lubs; as an example of a Government institution, there was the Conservatoire des 
Arts et Métiers, in Paris, | 

The work of these institutions might be divided into the following five groups, 
the one or the other of which received particular attention by the one or the 
other institution referred to: 


1. The testing of materials, 

The organisation of competition for contracts, 

Special researches for manufacturers, 

Studies of general interest, 

Collaboration for the preparation of programmes and for the supervision 


of trials, 

Much successful work had been done under section 2 in regard to fuel, 
gas, gasolene, petrol, alcohol, mineral oil, etc.; to silencers; to automatic starting 
devices meters, etc. 


The special research work under heading 3 was the most difficult item on 
the programme of the laboratory, and for this, special devices and installations 
were required. In private laboratories, the problem resolved itself mostly into the 
testing of distinct types; and brake tests of motors separately or of whole ears 
were the most usual. But there were, besides, other special problems to be dealt 
‘with such as experiments with carburettors, ignition devices, .silencers, cooling 
devices, and so forth, 

As regards the studies of general interest, the work of a laboratory dealing 
with automobile technics could be carried out in co-operation with that of a chemical 
or of a physical testing laboratory. 

A large series of most interesting researches had already been made in the 
laboratory of the Automobile-Club of France, such as, for example, on the Influence 
of Heat upon the Ignition; the Strength of the Springs for Automatic Valves; the 
Effect of the Cooling of Exhaust Gases on the Efficiency of a Motor; the Design 
of an Alcohol Carburettor, At the present time this laboratory was dealing with the 
Effect of Skidding as limiting tractive Effort, 

The French Automobile Industry owed muchinregard to testing, to Levassoir, 
to Messrs, Perissé, Lumet and other leading specialists, whom death un- 
fortunately had removed at an early age. 
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On the proposal of Prof. Le Chatelier he then re-opened 
the discussion on 


Uniform Nomenclature of Iron and Steel. 


Prof. H. Le Chatelier (Paris) referred again to the designations 
proposed in their report by Messrs. Howe and Sauveur. In 
conjunction with the metallographers present, Messrs. Charpy, 
Guillet, Heyn, Rosenhain and Stead, he had drawn up a 
table of definitions of generally recognised constituents and he 
begged to submit this table to the Congress. ; 


They had not included in this table the constituents troostite 
and sorbite, cencerning which the scientific researches were not 
yet concluded. 

The definitions submitted by Prof. Le Chatelier were then 
passed in the following terms: 


The microscopical constituents of steel are divided into 
chemically homogeneous constituents “metarals* and into chemically 
heterogeneous constituents “agregates“. These microscopical consti- 
tuents, classified in the order of their increasing complication, are 
as follows: 

Ferrite. a iron, containing in solution, in the commercial 
iron and steels, very low percentages of other elements, and 
containing always less than 0.05 of carbon. | 

Graphite. A variety of carbon which is identical with the 
graphite of mineralogists, characterised by a density of 2.25 and 
capable of yielding graphitic oxide under the action of suitable 
Oxidising agents. 

Cementite. A carbide of iron represented by Fe, C. 

Austenite. A solid solution of carbon and iron in the 7 state, 
normally stable above the zone of the critical temperatures for 
steel. In some special cases this may persist at ordinary temperatures, 
and the steel is then characterised by the low degree of its magnetic 
permeability. (Ferro-nickel, manganese steel.) 

These four constituents are chemically homogeneous. 

Pearlite, An“agregate“, constituted by the eutectoid proceeding 
from the normal separation into the ferrite and cementite of the 
austenite cooled down slowly below the zone of the critical 
temperatures for steel. It contains on an average approximately 
Q.9°9/) of carbon. | 
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Martensite. A “metaral“, a solid solution of carbon and iron. 
It is not normally stable at any temperature, and it can be main- 
tained as a metastable phase only at low temperatures. With a 
similar composition it is distinguished from austenite by its magnetic 
permeability and its greater hardness. It is obtained by cooling 
down steel from temperatures above that of the critical zone, 
rapidly enough to prevent the splitting up of the austenite with a 
consequent production of pearlite, but at the same time, slowly 
enough to maintain the austenite unaltered. 


Characteristic specimens of martensite are obtained, e. g., by 
quenching in cold water from 800° C. (14729 F.) bars of 1 cm Square 
of eutectoid steel, i. e. steel containing about 0.99/, of carbon. 


Osmondite, the homogeneity or heterogeneity of which is 
still under discussion, marks an intermediate stage in the return of 
martensite to the pearlite phase. It is more stable than martensite 
at ordinary temperatures. It is considered to be a constituent proper 
owing to the existence of a discontinuity in the variation of certain 
properties of the metal during transformation from one extreme 
phase to the other. It is characterised by possessing a maximum 
solubility in acids and by a maximum coloration under the action 
of acid metallographical reagents. 

It can be obtained very definitely by annealing at 400° C. 
(752° F.) the martensite of eutectoid steel, i. e. steel containing 
about 0.9°/, of carbon. 


Automatically Recording Impact Testing Machine. 


Prince Gargarin (St. Peterburg) reminded members that he 
had presented a report on his registering machine to the Brussels 
Congress. He showed diagrams illustrating the results obtained 
which brought out the relations between stress and strain very 
clearly. 

He asked members to make use of his machine and to com- 
municate to him the results of their experiments. 


Internal Strains. 
On this problem the following reports had been presented: 


On the Principles of Technological Mechanics. By 
Dr. Techn. Paul Ludwik, Vienna (VIII). 
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Internal Friction in Loaded Materials. By Prof. G. H. 
Gulliver, B. Sc., Edinburgh (VIII). 


On Irregular Strains due to Non-homogeneity of 
Materials. By Dr. Techn. A. Leon, Vienna (VIII49). 


*)Connection between the Permanent Sets caused by 
Traction and Compression. By Dr. Ing. Wilhelm Misangyi, 
Budapest (VIII,,). 

*) Tenacity and Malleability. By Dr. Ing. Wilhelm 
Misangyi, Budapest (VIII,9). 

Prof. A. Mesnager (Paris) who had undertaken to present the 
general report on the important problem of internal Strains, 
regretted that the advanced time did not permit him to deal at 
length with the several memoirs presented. He pointed out, 
however, that the definitions adopted by the various authors 
diverged so strongly from one another, that it was impossible to 
come to an understanding. Thus, in Hungary, the terms ductility 
and malleability were not used for the properties to which they 
were applied in France and Germany. A material was characterised 
in Hungary as not having any tenacity, while it would elsewhere 
pass as having great tenacity. The word “strength was sometimes 
referred to the unit area of cross-section, sometimes to the total 
strength. It should not be impossible to arrive at an agreement 
in the same manner as in electrical science where “resistance 
was distinguished from “resistivity“ and referred, the one to the 
total resistance, the other to the unit resistance. Prof. Mesnager 
proposed to appoint a Committee, with the object of settling 
these terms. 


*) As it was impossible to invite discussion of these reports, a few sug- 
gestions should here be mentioned which Engineer-in-Chief Bartel, of Budapest, 
communicated in writing: . 

1, Experiments should be made with Durana metal and other materials, 
in which the tension diagram showed a very long horizontal curve, and which 
therefore underwent a great part of their extension at constant maximum load. 
In such materials Prof. Stribeck, and also he himself had observed, that the 
reduction of the cross-section retained the characteristics of the original shape 
of the rod during the period of tenacity (before the beginning of the contraction); 
this was in contradiction to Misangyi’s statement. 

2. Study of the relation between working in the cold and the deformation 
and change in the tenacity resulting from it; According to Mr. Bartel, the state 
of maximum tenacity would coincide with the state of maximum malleability. 
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The Chairman, Director O. Busse, regretted to have to ask the 
Section to refrain from a discussion of these reports, in consideration 
of the advanced hour. He cordially thanked the authors for their 
work. He was also anxious once more to express his thanks to 
the investigators present for their active participation in the dis- 
cussions, which had proved so valuable to the development of 
metal testing. Particular thanks were due to the gentlemen who 
had so well deserved of the Congress by acting as interpreters, 
Professor Weiss, Mr. G. C. Lloyd and Dr. W. Rosenhain, and 
they were likewise indebted to the Secretary General, Mr. Reitler, 
for his assistance (Applause). 


The Chairman then adjourned the meeting, expressing the 
hope that they would all meet again at the next Congress. 


Mr. Greiner (Seraing) rose to thank the Chairmann, Mr. Busse, 
for the great services he had rendered to them. The conscientious 
discharge of his honorary duties during the three days of continuous 
strain, that he had presided over the Section, entitled him to the 
cordial gratitude of all the members. Mr. Greiner was happy to 
take this opportunity for expressing their gratitude to their Chairman 
(General, long-continued applause). 


The meeting finally adjourned at 3 p. m. 


ae ie oe 8* 


Proceedings of Section B. 


First Meeting, Wednesday, Sept. 8th, 1909. 
Opening of the Meeting at 9°30 a. m. 


Prof. Schiile opened the meeting and communicated the names 
of the honorary presidents and honorary secretaries, as also those 
of the secretaries, and requested Captain Grut of the Engineer 
Corps to accept the presidency. 

Capt. Grut expressed his thanks for the honour done to 
him and invited the honorary presidents to take their seats on 
the platform; further he requested the honorary secretaries to give 
him their assistance in interpreting the discussion. Finally he asked 
the speakers to express themselves as briefly as possible, since 
all the 32 reports sent in, which were now in the hands of the 
members, would have to be dealt with in three sittings. 

He first invited discussion on Report No. IX/, on 


Reinforced Concrete. 


Prof. F. Schiile (Zurich), President of the Committee on Rein- 
forced Concrete, observed that, partly by reason of the shortness 
of the time at their disposal and partly on account of the considerable 
extent. of the subject, the labours of the committee had only 
been of a preliminary nature. The committee had endeavoured 

1. to determine the state of advancement attained by expe- 
rimental research in the different countries; 

2. to determine the state of advancement of the measures 
of control taken to ensure good work; 

3. to establish a uniform method of notation for the data 
and results of the ordinary calculations; 

4. to establish a systematic method of procedure for giving 
expression to the arrangement and results of testing experiments. 

The reports distributed show the work done in Germany, 
Denmark, Italy, and Switzerland. Further Prof. Talbot had pre- 
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sented — too late for printing — a report in regard to the Uni- 
ted States, which was distributed at the section meeting. 

It was desirable that the labours begun be continued and that 
the committee be kept informed on the results obtained in the 
different countries, so that the repetition of work already done in 
different places might be avoided. 


As might be seen from the reports, the investigation of the 
subject of reinforced concrete was conducted by the help of prisms 
and cubes — generally the latter — which were prepared in the 
workshop and then submitted to crushing tests. Opinions differed 
very much as to the value of this method of testing, and it would 
be very desirable that a decision should be made as to the best 
manner of preparing these test-samples. 


The question of a uniform nomenclature for reinforced con- 
crete had been prepared by a sub-committee in such a manner 
that an agreement of the continental countries had been brought 
about on the basis of the method suggested by Culmann 
10 years ago. 


Small Latin characters for lengths and quantities of the first 
degree; 

large Latin characters for quantities of a higher degree, 
and small Greek characters for coefficients and factors of the 
depres =zcro, 

The members of the English Concrete Institute had adopted 
this principle, but had proposed notations that were to some extent 
different. 


It was to be hoped that it would prove possible to bring the 
two lists of notations better into harmony with each other; they 
would then be published. It would denote a great step forward 
if the number of letters representing each particular conception 
were confined to two, corresponding with the languages employed. 
In this way the study and the application of the results of investi- 
gation would be considerably facilitated. 

Finally, it would be desirable to recapitulate the arrangements 
and results of the tests in a uniform summary manner; this was a 
piece of work which had not yet been taken in hand, but which 
would greatly facilitate the study and the comparison of publi- 
cations relating to reinforced concrete. 
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For the rest, the committee would, in regard to the work done, 
give due consideration to the wishes expressed in the section. 

Two very important questions had been discussed by the 
members of the committee. These related to 

peciagentssin connection’ with reinforced’ concrete, 
dealt with by the report of Mr. von Emperger, and 

the experimental investigation of completed struc- 
tures dealt with in the report of M. Rabut. 

Finally Prof. Schtile mentioned that the labours of the Swiss 
committee on reinforced concrete had rendered possible the 
laying down of new Swiss rules, a number of copies of which 
he distributed. 


Prof. N. Belelubsky (St. Petersburg) reported in a few words 
on the tests and scientific laboratory work and on researches made 
by individual investigators in Russia; these had to a notable degree 
forwarded the progress of reinforced concrete constructions. He 
drews special attention to the various tests made in 1890 under 
the direction of the mechanical laboratory of the Imperial Russian 
Road-Building Institute in Préobrojensky Square, St. Petersburg. 
These tests had contributed to a notable extent to the establish- 
ment of public confidence in the safety of buildings in reinforced 
concrete. The speaker recalled the special experiments of Abramoff 
and Nékrassoff, of Prince Kudascheff, and others, and stated 
the instance that regulations had quite recently been laid down 
by the Congress Office of the Russian Cement Engineers, with the 
co-operation of Messrs. Drujinine, Bojuslawsky, and other 
investigators. These rules for reinforced concrete constructions 
had. been approved by the XII. Congress and are at present 
under consideration by the Ministry of Roadway Construction. 
The speaker would shortly present a report for publication in the 
“Communications*. 

Prof. B. Kirsch (Vienna) observed that experiments on rein- 
forced concrete were in progress in Austria also. These extended to 
columns, blocks, and slabs, and to different kinds of reinforcement. 
A report on the results obtained would be presented to the members 
of the Association at a later .period. 

M. A. Segré (Rome) in the name of the General Management 
of the Italian State Railways presented a number of reports the 
object of which was to show how construction in reinforced con- 
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crete had developded since 1900 in Italy. He handed over to the 
President the report presented to the Washington Congress by the 
Italian State Railways and the report published in 1906 by the 
Service de Ventretien des chemins de fer de 1’Etat Italien (Main- 
tenance of Way Department on the Italian State Railways) on 
various types of reinforced concrete structure; finally he presented 
a resumé of the more important labours of the “Department for 
the Construction of new lines on the Italian State Railways“. He 
added that the cements and reinforcements used in railway works 
were tested in the State railway laboratory before their use was 
sanctioned. At the desire of the engineers in charge of the works, 
the materials brought to the place of construction were likewise 
tested and occasionally also, for structures of importance, the 
mortar. As regards reinforced concrete constructions, the Experi- 
mental Institute in Rome made a general inspection of the pro- 
duction of Portland cement in Italy every six months. The admi- 
nistration never restricted the choice of the contractors to any 
particular source of supply, but reserved to itself the right of 
testing the materials. 


Mr. A. Huser (Oberkassel-Siegkreis) reported that in Germany 
the well known “Rules for the carrying out of reinforced concrete 
constructions in buildings, of May 24th, 1907“, emanating from 
the Prussian Ministry of Public Works and the “Rules for the 
Preparation, carrying out, and testing of reinforced concrete struc- 
tures of the Union of German Architects and Engineering Insti- 
tutions and the German Concrete Association“ had meanwhile 
been simultaneously published. There was now in existence a 
“German Committee for Reinforced Concrete“ consisting of public 
functionaries representing the ministries of the different confede- 
rated states and of the constructive industries represented by the 
German Concrete Association. This German “Committee on Rein- 
forced Concrete“ was at present conducting very extensive expe- 
riments on mortars and on reinforced concrete in order to obtain 
experience on which to base rules for the construction of build- 
ings in this material. Since the interest here taken in these rules 
centres, chiefly in the ones. relating to reinforced concrete, 
Mr. Huser communicated the programme of these research-works 
in general terms. Further he called attention to a list to. be 
distributed in the form of a separate pamphlet, containing the 
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results of the experiments made on reinforced concrete in the 
large establishments for the testing of materials. 


Mr. M. Biirstenbinder (Hamburg) called attention to the com- 
parative experiments which he had made with test-sample cubes 
of 30 cm square and with sample beams made in accordance 
with the Danish rules. He thanked Engineer Christiani for help 
which he had given him. He drew attention to the very widely 
diverging results of the two series of experiments, and did not 
consider either of them to be satisfactory. For instance, in regard 
to the cubes, he believed that their length side of, 30 cm, might 
have been decreased. He laid stress on the necessity of instituting 
a uniform system of testing. 


Mr. R. Christiani (Copenhagen) had, within the last few years, 
made more than 200 tests on small beams of reinforced concrete. 
These tests were very simple, and they gave results of a very 
uniform kind. If these latter were so different from those given by 
the cubes, the reason was that the beams-were only small bodies 
which could set in a few minutes. On the other hand, the much 
larger cubes attained very different degree of hardness. The cubes 
were also rammed and are thus produced in a much drier state 
than the beams. | 


Prof. F. Schiile gave still another explanation for the discre- 
pancy in the results given by the two processes, which lay in 
the reinforcement. The difference was due to the circumstance that 
the iron in the sample beams was strained beyond its elastic limit, 
the concrete playing only a secondary part. 

Mr. A. Hiiser (Oberkassel-Siegkreis), recommended that the 
dimensions of the cubes be proportioned to those of the beams 
in such a manner that the drying of the two sets of bodies be the 
same. For the comparison with small beams, small cubes should 
be chosen; for that with large ones, such as those found in 
buildings, cubes of 80 cm length of side. 


Prof. D. v. Nagy (Budapest) called attention to the tests made 
by the Hungarian Engineers’ Association, to be discussed later. 
He traced the most important influence exercised on theresults 
of the tests to the proportion of water contained in the samples 
Samples differing in shape ought to give the same results 
if they contained the same proportion of water. 
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Mr. R. Christiani was likewise of opinion that the differences 
were partly due to the proportion of water. The small beams were 
perfectly homogeneous at the end of eight days, but not so the cubes. 


Mr. M. Biirstenbinder said the tests under discussion were 
made on the building-ground. It was not possible, therefore, 
exactly to determine the quantity of water. 


The President proposed that a vote of thanks be accorded 
to the committee, and that they be invited to continue their 
labours on the lines indicated by Prof. Schule. 


Mr. E.O. Sachs (London) expressed the wish that the ésmmnrttee 
work out a resumé of the work done in the different countries in 
connection with reinforced concrete, and submited a motion in 
which the view was expressed, that the governments should afford 
them financial assistance. The section adopted the motion which 
took the following form: — 


“The Congress thanks ed Committee 41 for the BOE 
already done invites them to proceed upon the plan 
described by Professor Schiile, andvexpresses tie swien 
that the Committee be financially supported by the com- 
perent inStitutrons and authoritves:. 


Report IX,. Reinforced: Concrete Structurés = Measumesss. 
the Deformation of Structures under Service Conditions. 


Mr. C. Rabut (Paris) resumed his report and showed the necessity 
of supplementing the results of laboratory researches by means 
of measurements made on existing structures. He asked that the 
Congress be invited to give its moral support to the investigations 
by declaring such experiments to be useful and to further the 
end in view, and, in certain cases where such action may be 
necessary, by its taking steps to obtain the approbation and 
effective co-operation of competent authorities. 

In relation to Mr. von Emperger’s report on 


Casualities in Reinforced Concrete Building (IXs). 


Mr. E. Maynard (St. Nazaire) made the following observations: 
In his report Mr. v. Emperger had pointed out the various 
causes which lead to accidents in reinforced concrete structures. 
In particular the weakness of a structure must often be referred 
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to the defective preparation of the concrete. One important cause 
had, however, been forgotten, and that was the covering layer of 
cement-mortar 2 or 3 inches in thickness, which was often 
applied to the concrete. The coefficient of contraction of this 
layer being higher than that of reinforced concrete, it broke in 
the process of contraction and dragged the concrete with it, which 
was thus itself fractured. This circumstance had often been noticed 
in the case of beam coverings and in reservoirs, the walls of 
which had thus been caused to leak. This showed itself especially 
when the covering and the concrete itself had been subjected 
to a high temperature too soon after their production. The manu- 
facturer should rest content with the removal of the inequalities 
of the concrete with a mortar of 800 to 1000 kgs. of cement to 
the cub. m. of sand, or, where the covering cannot be dispensed 
with, the thickness should be limited to from 5 to 10 mm. 


The President observed that Prof. Kirsch (Vienna) had sub- 
mitted a report on the 


Influence of repeated Loading upon the Adhesion between 
Concrete and Iron of bright and of rusty surfaces (IX,). 


No one wishing to speak, he initiated a discussion on the 
report of Mr. Nekrassow (St. Petersburg) on 


The Influence of Small-Sectioned Transverse Ties on 
the Strength of Concrete. System of Free Ties (IXs). 


Mr. V. Nekrassow (St. Petersburg) gave a short resume of 
his report accompanied by a number of pictures thrown upon the 
screen, and moved the adoption of the resolution embodied in it, 
which recommended this system. 


Mr. E. Maynard (St. Nazaire) had in 1902 already made tests 
with uncovered pieces of iron for strengthening concrete and had 
obtained good results with them. 


Mr. C. Rabut (Paris) said that strengthenings of the kind men- 
tioned had already been applied in practice for several years, 
principally for columns, but also for beams, vaultings, and masonry. 
Very light and yet reliable structures had thereby been obtained. 
The merit of this belonged to the engineers Messr. Harel and 
La Noé. 
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The President thanked Mr. Nekrassow for his interesting 
paper, but was sorry to be unable to move the resolution desired 
by him, because the Congress could not on principle, shew 
preference for one.particular system of reinforced concrete out of 
the many in existence. 


(Adjournment for luncheon.) 


The President opened the discussions on 


Cement in Sea Water. 
Mr. Colomb (Paris) presented the report of Mr. Bied on 


“Experiments on the Decomposition of Mortars by Sul- 
phate. Waters* (Xb); 


and especially directed attention to the illustrations of the test samples. 
Mr. W. Czarnomski (St. Petersburg) spoke on his report. 


“On the Condition of the Cement Blocks in some of the 
Russian Ports in the Black and Caspian Seas“ (XIb). 


He thanked the Danish engineer, Mr. Poulsen, for his valu- 
able work on the destruction of cements in sea water. The ex- 
periences of the speaker differed from those of Mr. Poulsen in so 
far that the waters of the Black and Caspian Seas never show a 
lower temperature than 5° C. The destruction of Portland cement or 
concrete occurs principally in two forms: — 1. Superficial deterio- 
ration due to the influence of the blows of the waves, that is to 
say, principally to mechanical action, and 2. Interior deterioration, 
principally of a chemical nature. 


Prof. M. Gary (Gr.-Lichterfelde), called attention to the second 
report on the behaviour of hydraulic cements in sea water, pre- 
sented by the Royal Testing Laboratory in Gr.-Lichterfelde, which 
had been distributed separately to the members of the section. 
The first report appeared so long ago as 1900. For these tests, 
use was made both of waterproof and of porous mixtures, The 
experiments with cement-concrete were compared with those made 
with trass concrete. The test samples were kept both in fresh 
and in sea. water. They were also subjected to natural conditions, 
which are in existence on the north west coast of Germany. The 
Speaker did not wish to go too much into detail, but only to 
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establish what he considered to be the two principal results of 
these tests, viz. 1. that the addition of trass to the puzzolanas is 
favourable to the durability of cement, and 2. — what appeared 
to him to be the main point — that, for the durability of the 
cement. it is very necessary that waterproof mixtures be made use 
of. The experiments had already extended over a period of more 
than 5 years. Since the test samples were built into the structures 
in an alternate sucession and all the mixtures were thus subjected 
to identical conditions of stress, it had been possible to determine 
with certainty that a well-made cement-concrete can withstand 
sea water for many years. It had not been possible to establish 
the occurrence of disintegrations from within. He attributed this 
in the main to the circumstance, that the samples were very 
carefully prepared and hardened in air for a sufficient length of 
time. The observation had been made that sample-blocks which were 
immersed in sea water as soon as manufactured had a much - 
smaller power of resistance than those which, during a year’s ex- 
posure to the air, had become sufficiently hardened. He observed 
also, that these experiments also included a number made with 
lime-trass mortars. 


Dr. ing. Rud. Dyckerhoff (Amoneburg) wished to supple- 
ment the communications of Mr. Gary by drawing attention toa 
series of tests, relating to the manner in which Portland cement 
behaves in sea water, made during a period of two years on 
Sylt (North Sea) by the Association of German Makers of Port- 
land Cement. The occasion for these tests was the rule laid down 
by the Argentine Republic in accordance with which cement for 
marine work must not contain more than 1 per cent of sulphuric 
acid. Since, according to the experience of the Association, a per- 
centage of sulphuric acid higher than this, within certain limits of 
course, does not act detrimentally, the following tests with two 
kinds of Portland cement were made in order to solve the question. 

Cement A was a Portland cement which is applied to all 
sorts of purposes including those of marine structures. Cement) BR 
was a Portland cement of a kind that is specially supplied for 
marine structures. The former has a percentage of sulphuric acid 
of 1.28 per cent, the latter a percentage of 0.56 per cent. In the 
cases of both cements the percentage of sulphuric acid was raised 
to 2.5 by suitable additions of plaster of Paris. 
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Preliminary Communication of the Results of the Royal Laboratory for the Testing of Materials. 
Tests made on Sylt on two Portland Cements with different percentages of Sulphuric Acid hardened in fresh water, in sea 
water, and in air. Resistances to compression in kgs./em? shown by cubes of 50 cm? in surface. 


eee ae Cement + 2 Sand 1 Cement + 4 Sand a Cement + 2 Sand 1 Cement + 4 Sand - 
iMitime of test | Water | Water |°Pe" Ait] Weer | water |OPe™Ait] Water | water |OP@™Air] Weter | water | Open Air 
Kind of Cement Cement A unmixed: Percentage of Sulphuric Acid 1:28 | Cement A with 2°77% etnias te ee of Paris: Percentage 
Age 28 days 613 573 649 268 241 291 616 588 730 348 295 888 | kg/cm? 
> el. wear 656 620 855 259 251 405 875 716 821 348 236 393 : 
Kind of Cement Cement B unmixed: Percentage of Sulphuric Acid 0°56 Cement B with 4°36%/, at a ee of Paris: Percentage 
Age 28 days 257 278 302 109 113 143 288 254 B45 112 101 143 | ke/om? 
eal yeay 365 292 441 167 133 250 434 340 598 190 149 307 2 
: Cement A. Cement B. Chemical Composition. 
Standard Sample (1:3; 28 days in water) Comentts = Comenian 
Tensile Strength 28°2 20°2 kg/cm? ei ; 
Compression Strength 399°0 169°0 kg/cm? Loss by Calcination 0°65°/, 1°58°/, 
Residue on the 5000 mesh sieve 151 36°2°/9 Analysis calculated on the Calcined Condition. 
2 Aaa 0 2 2 20 TBM Insoluble Residue 0:11°/, 0°10°/, 
Weight of 1 Litre not heaped-up 1237 ¢ 1414¢ Silicic Acid 22-179 29°55 0/ 
O° ee 0 
Oxide of Iron 1°989/, 2'569/5 
Alumina 6°18°/, 8'35°/5 
Lime 67-20°/, 64-119/, 
Magnesia 0:92°/, 1°059/, 
Sulphuric Acid (SOg) 1*289/, 0'56/, 


Alkalis Residue Residue 
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With these four cements, cubes of a Sectional area of 50 sq. 
cm. were produced in mixtures of | of cement to 2 of sand and 
of 1 of cement to 4 of sand respectively, for strength tests to be 
continued up to a 10 year’s hardening in fresh water, sea water, 
and open air respectively. 

On account of its low percentage of lime and of the coarser 
grinding, Cement B, gave lower absolute strength values than 
Cement A, in the standard sample and, consequently also, at the 
experiment. 

The speaker called attention to the strength tests after immer- 
sion of the samples in sea water, one-year’s results of which are 
given in the following table. 

Pog aomortats, the power of resistance to sea’ water is 
weaker than that to fresh water. In spite of its low percentage 
of sulphuric acid, Cement B shows less strength in sea water 
than Cement A. 

The increased percentage of sulphuric acid occasioned by 
the addition of plaster of Paris produces an increase of strength 
-both in fresh and in sea water. Thus the durability of the cement 
in sea water is not influenced unfavourably by the high percen- 
tage (2°59/,) of sulphuric acid. 

Further, concrete broadstones of 3/, cub. m. content were 
made in all four cements mixed in the proportions | of cement to 
2 of sand and 3 of broken granite stones, and, after six months 
-hardening in air, were immersed in the jetties, where they were 
exposed to chemical action and to the full brunt of the waves 
of the North Sea. 

In asecond series of experiments, slabs of50cm: K 50cm. X 8cm. 
in mixtures of 1 to2and 1. to 4 were made, and, after hardening 
periods of four weeks and 6 months respectively, were laid on the 
pier in the shallow estuary, where they were exposed to ebb 
and flood. 

Last week a committee of delegates of the “Association of 
German Portland Cement Makers“ accompanied by a represen- 
tative of the Royal Laboratory for the Testing of Materials pro- 
ceeded to Sylt to inspect these plates, and the speaker requested 
that Dr. Goslich now communicate the result. 


Dr. Goslich (Stettin) reported that parallel tests had been 
made on Sylt with concrete slabs made of the French cement B 
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poor in sulphuric acid; these plates were exposed to the action of 
the water of the North Sea. It was found that the B plates showed 
cracks and clefts, while the A plates remained absolutely intact. 

Also larger blocks made of 1 of cement to 2 of sand and 
3-of broken granite stones behaved in the same way as the plates. 
The blocks of the B cement were attacked in such a manner that 
the granite stones were laid bare. In view of the results obtained, 
it can fairly be said that the requirement of the Argentine Re- 
public, to the effect that only cements poor in sulphuric acid be 
used for sea water structures, is a very mistaken one. : 


Prof. M. Méller (Brunswick) completed his report. 
The. Use of; reinforced Concrete beside the egmaaaas 


Thirty years ago he built a small experimental work on the 
shallow coast of the North Sea, at about 50 m. from the shore, so 
situated that ebb and flood placed it under water and left it dry 
again in 24 hours. He prepared slabs of 7.5 cm. in thickness 
provided with round reinforcement rods 8 mm. in diameter. His 
intention was only to study the action of the atmospheric in- 
fluences and not the construction. The composition was 1 of cement 
to 21/, of sand and 2 of gravel. The slabs held extremely well for 
18 years, except at four localised points, without showing either 
interior or surface alteration. At the four points in question, 
however, the concrete had crumbled within the last few years. 
The iron reinforcements have shown no trace of rust where they 
were covered with 5 mm. of concrete or cement-mortar and did 
not lie. quite sclose sto “ihe suriace: 

In contrast to the good behaviour of the slabs, which were 
40 days old at the time of their application, the speaker drew 
attention to the softening and whitish appearance assumed by 
the concrete and cement-mortar materials of the experimental 
structure thus immersed in the sea, shortly after manufacture. 


Mr. E. Maynard (St. Nazaire) wished to make a few obser- 
vations in reference to the reports presented. | 

In regard to the reports of Mr. Bied, he assumed that 
he had made studies with water containing sulphate, but he had 
not given an explanation of the facts observed. The speaker would 
give a condensed explanation. The main point was the different 
action of the sulphates of lime and magnesia, The cements that 
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contain no alumina became decomposed in the solution of sulphate 
of lime, and withstood the sulphate of magnesia. 

Since 1885 the speaker had pointed out that the blocks 
of lime from Teil became softened under the influence of the sul- 
phate of lime which the very basic salts of lime, the silicates, 
the aluminates, &c. appeared to decompose by some action not 
yet known. The very calcareous cements can therefore easily be 
decomposed by this sulphate. On the other hand, if the same mortar 
be immersed in water containing sulphate of magnesia, the lime 
diffuses, while the sulphate of lime then formed can penetrate into 
the mortar in very small quantities only, and can exercise scarcely 
any action on the combinations poor in lime, which remain behind; 
the mortar accordingly decomposes without swelling. This is the 
explanation of the phenomena observed by Mr. Bied. 


The second phenomenon observed bears reference to the 
good behaviour of the puzzolanas and of the dehydrated clay, and 
may be explained as follows: — the decomposed mortars always con- 
tain silicate of alumina and hydrocarbonate of lime. Now the speaker 
had shown that the puzzolanas must contain alumina in order to 
re-establish the clay after the action of the salts. A mixture of 
cement with de-hydrated clay, which combines with lime, will, therefore, 
when brought into contact with sulphate of lime, behave well when 
it contains little lime; when, however, it is introduced into a 
solution of sulphate of magnesia, the lime will diffuse and the 
hydrated silicate of alumina will form again; part of the lime will 
combine with carbonic acid and give the mortar its cohesion. The 
combination of the carbonic acid with the air is not capable of 
preventing the decomposition of the mortar. ; 

It follows from these explanations that it is, properly 
speaking, not the sulfo-aluminate that causes the swelling of the 
mortar, but the supplemental hydration and the softening and de- 
composing action of the sulphate of lime on the very basiccombination 
of lime, the silicates, and aluminates &c.; this is the reason why 
the cements take up more sulphate than is necessary for the for- 
mation of sulfo-aluminates, &c. With monocalcic cements no swelling 
takes place. 

A high percentage of lime is more dangerous than an 
excess of aluminium, and good cements may be made with a large 
proportion of aluminium, but with little lime. 
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In addition to the softening and decomposing action of the 
sulphate of lime, which the speaker had observed since 1884, there 
are two additional important factors, namely the supplementary 
hydration and the diffusion of the lime. These are the preponder- 
ating ones. 

The sulfoaluminate plays only a subordinate part; it is at 
the same time certain that the sulphate of lime has a greater 
affinity for the combinations rich in aluminium than for the very 
basic silicates. ! 

The conclusion at which Mr. Maynard had so often arrived, 
was that the cements intended for marine structures must contain 
little lime. 


In reference to Mr. Czarnomski’s report, Mr. Maynard 
observed that the inspection of blocks in certain Russian harbours 
had again confirmed the results obtained with the blocks submerged | 
at La Rochelle since 1852. Since, however, the compositions of the 
mortars were given in weight percentages and not in units of volume 
as recommended by him, it was not possible to give account of the 
degree of decomposition of the blocks. 


Mr. Czarnomski considered the decomposition due to the diffu- 
sion of the lime, to the precipitation of the magnesia and probably to 
the sulfoaluminate. These actions comprehend only a part of theactual 
process; in order, therefore, to explain the effect of the sea water, we 
must add to the causes above adduced the other phenomena which the 
speaker had gone into in the course of previous studies, and which 
he could not reproduce here. 


In reference to the view expressed by Mr. Feret that there 
is no process in existence by which the resistance of the 
cements to attack in sea water can be determined, Mr. Maynard 
said this determination must, by reason of the diffusion which he 
discovered and made known in 1901, be made in such a manner that 
the cement is brought into contact with the sea water itself and 
the changes in its composition determined analytically. This method, 
which gives the behaviour of the cement after the lapse of a year, 
the speaker had described and applied. 


Finally the author wished to give an explanation of the softening 
of the Portland cement on being immersed in sea water too soon 
after its production as described by Prof. Moller. 
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The setting of the cement is due chiefly to the hydrate of 
lime, which, with the salts at the surfaces of the grains, causes 
an adherence of the particles. Now if use be made of a highly- 
rated cement, which in its process of mixture sets little lime free, 
and this be after a little time immersed, the hydrate of lime will 
then dissolve, diffuse itself, and become transformed into sulphate; 
the mortar will become soft, because no lime remains to make 
it cohere. If very little water be used in the production of the 
reinforced concrete and the latter be then almost at once immersed 
in sea water, the weight of lime which becomes hydrated is small, 
and the latter consequently dissolves, whereupon it diffuses itself 
and is transformed into sulphate, and the mortar loses its cohesion. 


A similar action takes place when too little water is used in 
the production of concrete. The white efflorescences are formed 
by the disengagement of magnesium and carbonate of lime. 


In the production of concrete for use in sea water care must 
accordingly be taken that as much water as possible be used (in 
order to produce as much hydrate of lime as possible) and also 
that the concrete be rammed as tightly as possible. Mr. Maynard had 
accordingly laid down special rules for the avoidance of these 
defects. ; 

Mr. A. Poulsen (Lemwig) had intended to read an abstract 
of his report 


Cement in Sea Water (X],), 


which all the members of the Association had received in the 
form of a separate pamphlet.') In view of the shortness of the 
time; however, he would only say a few words, especially as the ~ 
abstract itself was to be published in the “Communications*. He 
observed that the tests on concrete in sea water had as yet ex- 
tended only over ten years, which he considered to be too short 
a period. The principal causes of the destruction of the blocks 
are wave action and the alternation of freezing and thawing, and 
further the actions of drying during the ebb and wetting during 
the flood. | 


1) Cement in sea water. Report on the tests conducted by the Asso- 
ciation of Scandinavian Portland Cement Manufacturers since 1896. Report by 
A. Poulsen. Gad Publishing House, Copenhagen 3 frs, 


* 
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Prof. M. Gary observed that in Germany great importance had 
been attached to the choosing of three typical cements, very 
exact chemical analyses of which have been made. He thought it 
was not right to say that 5 years was an insufficient period from 
which to draw preliminary conclusions. Moreover, the German 
tests also were being continued. When, however, the cements 
have behaved well during 5 years, the assumption must at least be 
made that they will continue to do so. The structures are not intended 
to be everlasting but are only counted upon to last a certain time. 


Mr. E. Candlot (Paris) observed that all hydraulic cements were 
under certain conditions, decomposed by sea water. With a good 
Portland cement and a compact mortar, great durability in sea 
water could be attained. In order to obtain the maximum of com- 
pactness, a good sand was required; as a rule too little attention 
was paid to this point. The addition of puzzolanic material had 
been advocated, and especially a trass, roasted &c. but the — 
perhaps favourable — influence of these had not yet been conclu- 
sively proved; it appeared to make itself felt principally in an 
increase of compactness. 

The part attributed to the puzzolanic materials is that they 
combine with the released lime and prevent its escaping from 
the mortar and leaving it poorer in lime. It appears, however, 
that this result may be obtained with greater certainty by the use 
of a cement in which lime is present in the smallest quantity 
possible and which will part with only very little of it during 
the setting process. 

The speaker had made an artificial cement which contains 
little lime and into which he had introduced a certain quantity 
of plaster of Paris before the burning. Thanks to the presence of 
the sulphate of lime, the cement can be burnt without suddenly 
crumbling to powder, as is always the case when the percentage 
of lime is reduced. The burnt cement contains only 5 to 6°/, of 
sulphate of lime, and, as experience shows, this is not detrimental. 
Mortars made with this cement have stood well for 10 years in 
solutions of sulphate of magnesium and sulphate of lime. The 
percentage of lime can be reduced to 50, and it had been observed 
that, at the instant of setting and during the first days of the 
hardening, no separation of hydrate of lime makes its appearance 
as in the case of the Portland cements. 
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Mr, A. Foss (Copenhagen) in his capacity as member of the 
organising committee directed the attentions of the meeting to the 
excursion to Lemvig, where the members would have a good oppor- 
tunity of convincing themselves as to the results obtained by the 
Engineer in Chief Mr. Poulsen. He wished to lay stress on the 
circumstance that the proper composition of the mortar was the 
main point, and he, further, refered to the concluding sentence 
of the report of Mr. Poulsen, who in his resumé said that 
Portland cement, when properly applied, was in fact, not very 
subject to chemical action, and that the destruction of the large 
blocks, provided they be made with sufficient compactness, was to 
be attributed to climatic influences. 

In regard to the communication of Mr. Candlot, the speaker 
added that it was really possible to make a cement which was not 
attacked by the sea water, and referred to the invention and patents 
of the Swiss cement engineer, Mr. Gresly. Mr. Gresly’s cement 
was made of lime, clay, and plaster of Paris. Tests which 
were made in the speaker’s laboratory, in concentrated saline 
solutions as well as in sea water, had shown that this cement was 
not attacked at all by sea water. Whether this will be of practical 
value in the future, he was unable to determine. 


Dr. Ing. Rud. Dyckerhoff (Amoéneburg) did not understand 
why cements rich in sulphuric acid, whose percentage of this 
chemical had no deleterious effect in fresh water, should be attacked 
to a greater extent while hardening in sea water, than cements 
poor in sulphuric acid. Experiments have shown that cements rich 
in sulphuric acid have behaved very well in salt. water up to a 
percentage of anhydride of sulphuric acid of 2°5. He did not 
believe it to be necessary to extend the test period over more than 
10 years, as advised by Engineer in Chief Poulsen. 

Mr. I. Laborbe (Paris) drew the attention of the Meeting to 
several tests be had carried out on the invitation of Mr. La Chatelier. 
He found that the addition of hydro-cellulose, (obtained by the 
oxidation of cellulose by hydrochloric acid), succeeded in coun- 
teracting the effects of sea water and sulphated water on the lime 
which existed naturally in cements, a was rendered free by the 
setting reaction. Hydro-cellulose gave off carbonic acid which 
carbonated the lime in the mass of mortar, gradually as the setting 
reaction left it free. 
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Mr. E. Leduc (Paris) considered that the question of the power 
of resistance of cement in sea water can be solved by synthetic 
tests with cements of this kind containing different quantities of 
silicic acid; aluminium, lime, &c: These cements must nem ape 
exposed to solutions of the different elements which the sea water 
contains. He submited the following resolution to the assembly: 


“The Congress proposes that a few manufacturers be 
“requested to make some cements of different compositions. 
“These cements are then to be examined at different testing 
“places, in artificial as well as in natural sea water which 
“contain the different ingredients separately or mixed, as 
“for instance solutions of common salt, sulphate of magnesium, 
“sulphate of magnesium and common salt, &c.“ 


Mr. R. Feret (Boulogne sur Mer) had pleasure in establishing 
the fact that the observations reported by Mr. Gary agreed with 
those which he himself had made a long time ago. The circumstance 
was indeed well known that thoroughly compact mortars withstand 
the decomposing effect of sea water best. As to the tests them- 
selves, on the basis of which Mr. Gary had decided — as the 
speaker himself had already done — that the additions of puzzo- 
lana improve the cements, they contradict the previous experiences, 
on the basis of which Mr. Dyckerhoff had made a pronouncement 
in the opposite sense. 


This improvement was not to be ascribed solely to a physical 
effect as Mr. Candlot asserted and the tests which were brought 
forward in this sense by Mr. Candlot extended over a long 
period. The speaker had shown by means of cement mixtures, 
which were made partly with finely powdered puzzolanas, partly 
with indifferent materials of the same fineness, that the first mix- 
ture withstood decomposition much better than the second one. 


Mr. Feret observed in reference to the ‘cementseanaderso: 
mixtures containing large percentages of clay to which a consider- 
able amount. of plaster of Paris was added before the burning, 
that he had had an opportunity of testing cements made by 
Mr. Candlot as an experiment, and that, although offering little 
resistance to mechanical tests, they had behaved well in sea water 
for several years. He believed that these cements were worth 
studying. 
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Dr. Ing. Rud. Dyckerhoff observed that laboratory tests were 
much less valuable than practical ones. The Gary tests, therefore, 
which were made under actual conditions in sea water, were of 
more value than those of Mr. Feret. 


Mr. E. Candlot (Paris) recalled the circumstance that the cement 
patented by Gresly, to which reference had been made by the 
President, was the same as that of which he had himself spoken. 

Gresly had intended to produce a white cement. He him- 
self had intended to produce a special cement which would with- 
stand the sea water, and they had come to an agreement beween 
themselves in regard to the production of this cement. 


Mr. W. Czarnomski (St. Petersburg) did not wish to belittle 
the excellent qualities of Portland cement in sea water — with 
regard to the uniformity of its chemical composition, its great 
power of resistance to compression and tension, and its constancy 
of volume — but he found that these qualities of Portland cement 
were not sufficient. He believed, that in sea water the chemical 
actions were far more dangerous than the mechanical ones. An 
addition of puzzolana was a very good means of preventing de- 
composition, and he also believed that the before-mentioned white 
cement was of interest especially for harbour engineers. 

Dr. Ing. Rud. Dyckerhoff observed, that in some of the 
series of tests in the Poulsen report the test-samples were exposed 
to the open sea, but in others they were protected from the 
action of the waves. Two series of tests such as these could not be 
compared. 


Mr. Ed. O. Sachs (London) gave reasons for and proposed the 
following resolution: 


Cement in Sea Water. 


The Congress recommends the appointment of a small com- 
mittee 

a) in order to obtain by December 1910 any addi- 
tional information or supplements to the reports pre- 
sented at the Congress of Copenhagen, they may require; 

b) to summarize these reports.and supplements and 
to present the summary of the results in a brief form to 
Dicanextecongress; 
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c) to collect information on the effect of sea water 
on Portland cement sea structures of more than 25 years’ 
standing; 

Dr. Goslich proposed that the resolutions proposed by 
Mr. Leduc and Mr. Sachs be printed and distributed among the 
members on the following day before the vote is taken. 


The President agreed and adjourned the aes till the 
following day at 9°30 a. m. 


Second Meeting, Thursday, September 9th, 1909. 
Chairman: Capt. Grut, of the Engineer Corps. 


The Chairman opened the Meeting at 9°30 a. m. for the con- 
tinuation of the discussion of the question of “Cement in sea 
water“, 


Mr. Colomb (Paris): In the report of Mr. Poulsen on the 
experiments which had been made during the last ten years 
by the Association of Scandinavian Portland Cement Manufac- 
| turers, the French products were represented by the lime of the 
Le Teil works. The speaker quoted from pages 22 and 24 of the 
report, that the laboratory tests with the lime had given good 
results, but that they had not proved satisfactory on the northern 
Scandinavian sea coast, the reporter arriving at the conclusion, 
that lime from Teil of rich mixture comes short of the poorer 
Portland cement in strength; but that the poor lime mortar was 
from the beginning destroyed by the action of the frost and of 
the subsequent thawing, and that the testing in Vardo tends to 
justify the conclusion that the destructive mechanical action had 
accelerated the chemical destruction proceeding simultaneously. 
The speaker wished to call attention to the circumstance 
that the lime from Teil had never claimed to attain the strength 
of the cements. On the othér hand Teil supplied, for work in sea 
water of medium temperature, a cement which decomposes to a 
slight extent only and is cheap. In his letter to the Chairman 
of the Committee, which is printed in the report, Inspector General 
Guerard laid special stress on this, and emphasised the advan- 
tages and the suitability of this lime in connection with the har- 
bour works in Marseilles. 
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It was certain, that, in presence of the raw climatic conditions 
of the Scandinavian tests, the lime, as compared with the Portland 
cement, could at the outset play no very distinguishing part. The 
alternation of freezing and thawing, again, to which the action 
of the waves is added, must necessarily cause cracks in a slowly- 
setting product of medium strength which open the door to the 
chemical action of the sea water. It would perhaps have been 
desirable in such high latitudes to make use of a lime of a richer 
mixture than that which Inspector General Guerard had declared 
to be satisfactory for the comparatively warm water of the Medi- 
terranean Sea. He observed that Mr. W. Czarnomski had, in his 
report, established the good results of the lime from Teil in some 
of the Russian harbours of the Black and Caspian Seas. He must 
also express his regret that the comparative tests were not extended 
also to the cement from Teil, as was intended by the Committee. 
On the whole, moreover, no very distinct differences could be ob- 
served from the photographs accompanying the reports between 
the appearances- of cube No. 11 and cube No. 8, which were 
made of lime from Teil and of Scandinavian cement respectively. 


Dr. Ing. Rud. Dyckerhoff (Amoneburg) reported on some tests 
on the chemical action of sea water on the inner core of the con- 
crete. Three years ago in Brussels, he had already communicated the 
fact, that the Association of German Portland Cement Manufactu- 
rers had made tests and had had the inner core and the 5 mm 
outer shell of the samples which have been hardened in sea water 
during a period of 10 years, analysed. It had here turned out, 
that chemical changes had taken place in the outer shell—that 
some lime had been lost and some magnesia taken up, and this 
principally in the case of pure mixtures. In all cases, however, 
the composition of the inner core remained unchanged. 

Mr. Laborbe (Paris) did not understand why Mr. Leduc’s 
resolution was restricted to synthetic cements, especially if, by 
synthetic cements, Mr. Leduc understands artificial Portland cements 
which, strictly speaking from the chemical point of view, are not 
synthetic cements. He asked further, why it did not extend to all 
‘cements, whatever be their method of manufacture. 

Dr. O. Lieven (Novorossisk said) — According to Mr. Candlot’s 
statement, his material consisted of Portland cement with an ad- 
dition of 25 per cent of plaster of Paris. The plaster of Paris was 
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added to the material before the burning. Mr. Candlot stated that 
owing to the circumstance that a combination of sulphuric acid 
was already present, the sea water did not introduce any further 
sulphuric salts nor impart other elements. It was also said that 
laboratory tests of many years’ duration had proved the durability 
of the material. The speaker considered that no sulphate of lime 
would be present in the material at all. 

This is added before the burning, when the material has to 
withstand a temperature of more than 1200°, like the other ele- 
ments that are to be burnt into Portland cement. In the ‘“Ton- 
industriezeitung“ Prof. Glasenapp of Riga had elucidated the 
question of the plaster of Paris cement (Estrichgips). At the high 
temperature mentioned the plaster of Paris was transformed into a 
double combination of sulphate of lime and calcium-oxide. This 
is a combination analogous to that of Portland cement (a combi- 
nation of silicate of lime with calcium-oxide). He could not under- 
stand why the sulphuric double combination of the lime should 
be attacked to a less degree by the sea water than the silicate. 
Add to this, in the burning of the mixture in accordance with the 
Candlot proposal the process is by no means so simple as that 
in the preparation of the plaster of Paris cement (Estrichgips). In 
What manner the silicic acid of the Portland cement combination 
acted on the sulphuric acid combination in the burning process, 
cannot as yet be precisely stated. The material proposed by 
Mr. Candlot had no chemical individuality, but is arbitrarily put 
together. The speaker could not therefore recommend the adoption 
of Mr. Leduc’s motion. 


The Chairman put the Sachs proposals a), b) and c) to 
the vote, and also the Leduc proposal in the following form: — 
d) that a number of tests be made in the manner proposed 
by Mr. Leduc. Proposals a)—d) were adopted. 


The Chairman thanked all who had taken part in the dis- 
cussion for their valuable communications and invited Prof. v. d. 
Kloes (Delft) to present his report on 


The Consequences of the Use of Mortar of Improper Compo- 
sition (XIII,). 

Prof. A. v. d. Kloes regretted that many engineers are still blind 

to the fact that without a certain percentage of sand the mortar 
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wastes away and separates from the stone. Even municipal regu- 
lations of larger towns in Holland still prescribe, for certain pur- 
poses, so-called strong trass-mortar, that is to say, a mixture of 
trass and lime without sand. According to what had been said 
already, a mortar of this kind causes a falling-out of the joints 
of the wall, a looseness of the covering layers of quay and dyke 
walls. These phenomena were generally ascribed to the frost. Many 
people even entertained the idea that trass-mortar was not frost-proof. 

A second cause of the destruction of masonry in trass-mor- 
tars with little or no sand was the incorrect proportion borne by 
the lime to the trass. It is in every way desirable that trass and 
lime be mixed together in about the proportion of 5 to 4 units 
of volume, as in the case of puzzuolana cement. An excess of 
_trass remains behind in the mortar unattacked and will cause no 
difficulty. On the other hand, an excess of lime was the cause of 
all sorts of evils that are met with every day. The fine particles 
of trass were often, so to speak, swallowed up by the lime paste; 
a solid body indeed results, but a body which is very receptive 
of water, which is liable to be washed out, and which causes 
efflorescence as well as wall-rot. 

The speaker, then, as an outcome of years of observation, 
recommended the following prescriptions for the composition of 
mortars made of trass and cement. 
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If Portland cement is to be perfectly waterproof, it must not 
contain more than 2 volumes of sand to 1 volume of cement. 
In air, masonry made with this mortar decomposes and in no 
case may more than 24/, volumes of sand be mixed with 1 volume 
of cement. | 
ft, however, for the sake of ecomomy or ease of working, 
lime be added, the most dangerous mistake as regards efflorescence 
and wall-rot will have been made. 

Two modes of attack of the masonry by wall-rot must be 
distinguished: — 1. a corrosion from within and from without, 
(wall-rot proper) and 2 a separation of scales, sometimes very 
thin but often of considerable thickness, which, by accumulation 
and infiltration of strange matter into the pores, are made to peel 
off from the surface. 


The cause ot the destruction of the stones appears to lie 
principally in the circumstance that the crystallisation of the salts 
in their pores is accompanied by increase of volume, which breaks 
up the neighbouring parts. The dissolution of the efflorescence 
by rain and the re-crystallisation by drying make it possible for 
the same saline particles repeatedly exercise their action. 

This phenomenon shows itself in a greater degree when salt 
water is used in the preparation of mortar than when fresh water 
is applied to this purpose. It shows itself, not only with bricks, 
but also with clayey sandstone, and especially with trachyte. In 
regard to the latter, the author had in mind the Cologne Cathedral, 
Which he had inspected. What he had seen there had exceeded 
his worst anticipations. 

As far as the author was aware, these phenomena did not show 
themselves with limestone and artificial silicic limestone. 

It seemed to him to be beyond all doubt that most or the 
weathering phenomena observed in buildings had their origin less 
in the stone itself than in the mortar which binds it together. For 
scientific investigation we here have an extensive, almost untouched, 
domain. The speaker would like to propose “that the Association 
include it in the field of its labours, and also that it appoint a 
special committee for it“. 

In the use of trass mortar in accordance with his rules, 
Which had thoroughly proved their excellence in practice, “the 
damages referred to never showed themselves. The same favourable 
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results were obtained with mortars with additions of trass instead of 
lime. In addition, trass renders the Portland cement insensible to 
the action of the sea water. In some hydraulic works the speaker 
had obtained good results with a mortar of 1 of cement to 1 of 
trass and 4 of sand, and excellent reservoirs for rain water had 
been made with 1 of cement to 1 of trass and 8 of Sand. . The 
maximum efficiency of trass would be obtained when it is mixed 
with the cement at the outset. There is no objection, then, to an 
honest business transaction consisting in the mixture of cement 
and trass in equal volumes. Both the contracting parties would 
profit by it, the moreso that there are brands of cement in existence 
the strength of which are increased by 10 per cent by this mixture. 


The speaker then adduced a number of examples of the 
bad effects on the durability of the masonry by the use of 
cement-mortar rich in lime. Amongst other things, he said that 
the mortar of the old fortifications near Utrecht, when seen from 
a distance, appears to be running out of the walls in white 
streams. BES 

Improperly made masonry falls to decay more rapidly when 
it is occasionally submerged in water. A consequence of this is 
the corrosion which so often occurs in the masonry of quays and 
piers and in the pillars of railway bridges at the level of the 
water. The deterioration is the more rapid the greater the speed 
of the current. 

In addition, where such rich mortar is employed, no cohesion 
can exist between the facing of natural stone and the brick walling; 
an uneven setting is then the inevitable result. The looseness 
of the masonry, where it is present, may be plainly observed in 
the dull sound given forth by it when hammered. 

Another peculiar phenomenon may often be observed on old 
thick masonry, viz, the separation and swelling out of a crust 
of about the breadth of a brick. This may be explained in the 
following manner: — a mass of masonry absorbs water, which 
follows the line of least resistance, that is to say, goes to the 
exterior. This exterior surface, moreover, is the part most attacked 
by the rain. The masonry joints at the surface, together with 
those behind the bonders, are easily saturated with water and be- 
come distended by the frost. Horizontal and vertical strains are 
thus produced. The horizontal strains burst the joints of the walls 
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behind the bonders and at the same time break the mortar; the 
vertical strains produce the flexure of the loosened scale. 

The speaker further gave some interesting cases, where, by 
reason of the use of the mortar rich in lime, the masonry was 
spoilt by efflorescence and scaling. Thus an old Dutch brick 
gable in Leyden, which had borne the brunt of centuries, when 
pulled down and erected again in another place with mortar of 
cement and lime, was now corroded in numerous places. Similarly 
in the case of a works-chimney, which, three years after its erection, 
was in such a state of dilapidation that it had to be pulled down, 
in spite of the circumstance that the hollow brick material was in 
very good condition and the stresses to which it was subject were 
small. Again the leakage of some of the valley dams that have 
been built during the last decades in Germany are to be attributed 
to similar causes. 

Worthy of remark, again, was the effect of the cement-and-lime 
mortar on glazed tiles which are cemented to the wall. The walls 
contain numerous hair cracks. On the masonry and between the 
tiles, the same velvety efflorescence is seen as in rough surfaces 
off walling; in the pores and under the glaze the same salts 
crystallise out, and the surfaces of the tiles and of the bricks peel 
off in shell-like fashion; this shows itself to the greatest degree in 
some railway station tunnels, e. g. in Cologne, Kénigswinter, 
and Delft. 

Dr. Rud. Dyckerhoff (Amoneburg) called attention to some 
series of tests on trass, trass-cement, and cement-lime mortars, 
made by Dr. H. Renezeder in Vienna, and to similar ones on 
cement-lime mortars made with an excess of lime. 


Mr. G. Herfeldt (Andernach-on-the Rhine) Dr. Renezeder had 
made tests with cement-lime mortar with an excess of lime. These 
lime mortars attained great strength within a short time. This was, 
however, only a small series of laboratory tests extending over a 
period of 3 months only, and we must, therefore, be careful not 
to draw conclusions from them in regard to their behaviour under 
actual conditions, because the effect of the excess of lime could not 
show itself within this short time. The speaker was of the same 
opinion as Prof. v. d. Kloes in regard to the injuriousness 
of the addition of lime to the cement-mortar, and agreed with the 
experiences referred to by him. He must, accordingly, give warning 
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against tests of too short a duration, which yielded results opposed 
to the real circumstances. 


Dr. Eugen Dyckerhoff (Biebrich) added a few observations 
to the report of Mr. v. d. Kloes. The masonry of a bridge in 
Mayence had been attacked, while the mortar was so good and 
waterproof that the water could not penetrate it. The stones, 
however, were wet through, so that they were subsequently split 
by the frost. He supported the proposal of Prof. v. d. Kloes that 
a committee be appointed. 

Prof. v. d. Kloes (Delft) wished to lay down the following 
principles: 

1. Compact mortars can waste in air and are therefore not 
to be recommended. 

2. Mortars may be compact and still in a high degree liable 
to be washed out. 

3. Compression and tensile tests are a poor measure of the 
quality of mortars in actual practice; very firm mortars may cause 
efflorescence and wall-rot. 


The Chairman proposed the following resolution: 


“A committee is to be formed for the purpose of in- 
“vestigating the influence of incorrectly composed mortar on 
“the weather resistance of the masonry.“ 


Dr. Eugen Dyckerhoff moved that the word “incorrectly* be 
struck out of the resolution. The decomposition was also caused by 
the joints of the masonry. He proposed that the resolution be 
modified so as to read: “... to study the destruction of the stones 
and the joints of the masonry.“ 

Dr. Miiller (Rudersdorf) proposed that the investigation be 
extended to the stones of the walls also. 

Dr. Tannhduser (Berlin) considered the statement of Professor 
v. d. Kloes to be possibly correct as regards artificial stones, 
but not as regards natural ones. 

After short observations from Dr. Nagy (Budapest), 
Dr. Eugen Dyckerhoff and Prof. v..d. Kloes, the following 
resolution was read by the Chairman: 


“A committee is to be formed for the purpose of 
“investigating the influence of the composition of the 
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“mortar and the quality of the building stone on the 
“weathering! the immasonry se 


This resolution was adopted by the Section. 


Dr. Ing. v. Bresztovszky (Budapest) summarised his report 


Contribution to Methods of Investigation into the Elastic 
Longitudinal Deformation of Concrete (XIll,): 


He had made a series of repeated compression tests on 
concrete prisms of 15 x 15 X 60 cm (length for measurement 43 cm) 
with from 30 to 100 repetitions, each, of load and release per 
minute. The alterations of form were illustrated graphically, the 
abscissae giving the increase of alteration of form and the ordinates 
the numbers of repetitions. These repetition-curves are concave to 
the axis of the repetitions. They would be parallel if the alterations 
of form were to reach a limiting value. In order to obtain a limiting 
value experimentally, the numbers of the repetitions would have 
to be continued far beyond those given. 


In order, in the case of compression tests, to find the per- 
manent and elastic alterations of length without repetitions, the 
tests would have to be made in the manner communicated 
by Prof. Rejt6. The load is uniformly increased by 1 ton per 
minute without jar to P, and (return being in each case made to 
the initial load Pj) is then increased from P, to Ps, and so on 
until fracture occurs, and the alteration of form is read off for 
each increase of load of 1 ton, i. e. for all values between P, and 
P,. For the coefficient of extensibility, it was advisable to take the 
value which is shown by such tests without repetition. From the 
diagrams of work he established the following laws: 


1. The law of elastic contractions is expressed by Hooks 
law. In the less hard kinds of concrete the coefficient of extensibility, 
Which, below a proportionality limit, is constant, depends on the 
magnitude of the force which causes this proportionality limit. In 
the case of hard concrete, on the other hand, the coefficient of 
extensibility is constant almost up to the breaking limit. 


2. The law of permanent contractions is in each case ex- 
pressed by a curve convex to the axis of loading, which increases 
up to a certain maximum. 
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The Chairman thanked the speaker for his communications, 
and Prof. Kirsch (Vienna) for the report presented by him: 


“The Bonding of Layers of Mortar after Different Time 
Intervals” (XIII) 


and Dr. Renezeder (Vienna) for his report: 
“Notes on Trass, Trass-Cement and Cement-Lime Mortars.” 


Hereupon the Chairman brought forward the question: 


“Progress in the Methods of Testing Hydraulic Cements” 


for discussion. The reports of Messrs. Feret (X,), Prof. Schtile (X,) 
and Prof. Zielinsky (X,,) were to be taken together. 


Mr. R. Feret (Boulogne sur Mer) gave a critical résumé of his 
report on the present state of the question of the testing of 
hydraulic cement and on the position taken towards it by the 
Association. 


For chemical investigations, he considered the establishment 
of a uniform method desirable, which should be made use of at 
any rate in contested cases. 


The determinations of the specific gravity and of the apparent 
density respectively can now be made in a fairly definitive manner, 
but the practical value of the results which they gave was still matter 
of dispute. 


Sifting gave a very unreliable measure of the fineness of 
grinding, and should be replaced by simpler and more definite 
methods by air process than any of those which have up to the 
present been proposed. 


The constancy of volume was now tested by a number of 
contradictory methods; the most practical and efficacious of these 
appear to be that of Le Chatelier with needle-rings. 

It would be desirable that a rapid method of testing the 
liability to decomposition of various cements by sea-water be 
established. 

For the testing of the duration of the time of setting, the 
calorimetric method did not appear to fulfil the promise which 
it gave. 

The tests of strength were still very much open to improvement, 
and we are still a long way from the establishment of a standard 
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method of conducting them. A special committee was at work on 
these, and its attention was devoted principally to the questions of 
standard sand and plastic mortar. 

From an acceleration of the strength testing methods by the 
use of hot water, nothing was to be hoped. 

The testing of the power of adherence was one of the greatest 
practical importance, but as yet no method effecting it had been 
officially accepted. The reporter had, at the last Congress, requested 
that several testing establishments should re-test the process 
proposed by himself. It may be observed that the adherence proper 
must not be confounded with the resistance to slipping of the 
iron rods in the reinforced concrete, a resistance which was the 
resultant of various forces, each difficult to estimate. 

The uniform testing of the Puzzuolanas is beset with great 
difficulties, which it had not yet been possible to overcome. The 
reporter was of opinion that the solution of the question must be 
sought in a chemical process. 


The reporter finally established the fact that, apart from the 
old testing methods which were adopted without any alterations 
of consequence by Committee No. 22, the International Association 
had not accepted a single one of those worked out by its committees, 
and that these committees themselves had not yet considered 
themselves in a position to offer proposals in favour of one or 
other of the new methods. 

At first sight a pause of this kind might appear regrettable. 
It would however, be evident that — in regard to the choice of methods 
of testing, which it was to uphold with the weight of its authority — 
the Association had to be especially cautious, and that it should 
officially patronize only such methods as had previously been 
re-tested and found suitable by a sufficient number of investigators. 

According to this, the task before the Committees of the 
Association chiefly consisted in the working out of better testing 
methods than those at present employed, the checking of the 
correctness of these by means of parallel tests in different testing 
establishments, and their improvement again where necessary. 
When we had once got so far, these testing methods would find 
places for themselves in the world of engineering, and the Asso- 
ciation would only have to impress on them the stamp of its official 
recognition. 
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Prof. F. Schiile then presented his report on 


“Plastic Mortars“ (X,). 


ihe report of the Committee gave an account of what had 
been done up to January 1909. Since then the tests had been 
continued in various laboratories. For the determination of the 
strength of standard mortars of plastic consistency by means of 
prisms of 44X16 cm, they could be described as extremely favou- 
rable. The difficult question of the determination of the mixing 
water had, as regards Portland cement, been solved by Mr. Frey, 
of Luterbach, who proposed to take for each sample the same 
weight and proportion of cement, sand, and water, for a given 
kind of sand. A given weight of the mixed mortar was always to 
have the same volume. The test-samples would in consequence be 
of nearly the same degree of compactness, which is a matter of 
importance for the comparison of the results. The table distributed 
in the sections combines the results of tests with 5 cements by 
Mr. Bienfait in Amsterdam, with 10 cements by Dr. Framm in 
Karlshorst, and with 12 cements in Ziirich, which were obtained, 
not only by the prism method but also by the ordinary one, with 
rammed mortar mixed in an earth-moist state. If the results of 
bending-tests with prisms and the tensile tests in the 8 mould, 
and those with crushed prisms and cubes of 7 cm length of side 
be compared, it will be found that the prism tests give a classi- 
fication of the cements differing from that of the tests with rammed 
mortars. Since, however, the plastic mortars more nearly approach 
the cements used in practice, the classification given by them is 
of more importance than that obtained with rammed mortars, 
that is to say, with mortars in which the natural interstices have 
been artificially reduced in size. It can further be laid down, that 
the increase of strength in from 7 to 28 days in the case of 
prisms is greater than with the old method. The coherence of the 
cement makes its appearance more clearly in tests with plastic 
mortars. It is also apparent that the question of the compactness 
is solved by means of the prisms, while, when the Bohme hammer 
is used, differences of 0°05 to 0°10 (2 to 4°/,) in the compactness 
of tensile-test and compression-test samples of the same cement 
show them selves. It was interesting to observe that the investigations 
of our Hungarian colleagues led them by other paths to the re- 
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commendation of test-samples in which the exact weight is cal- 
culated in advance for a given volume. 


The question before us was not that of at once replacing 
the ordinary standard methods in the various countries, but that 
of attaining to an exactly circumscribed method of testing cements 
by the aid of plastic mortars. The proposed method by means of 
prisms was still capable of improvement, and Mr. Feret had made 
interesting experiments in this direction. It could, notwithstanding, 
be asserted that the labours of the Congress had made good 
progress towards the establishment of a uniform method, which 
was valuable for the institution of comparisons between the strength 
of the cements of other countries — an undertaking which, with 
the ordinary methods, was not possible — and it might be hoped 
that, by the meeting of the next Congress, the Association would 
have extended its sanction to this method and would be able to 
include it in the series of “processes recommended by the Con- 
eress.“ 


Prof. Dr. Sz. Zielinski (Budapest) summarised in some detail 
the report presented by him on: 


“The setting of Roman and Portland Cément as ome 0s 
mortars and concrete (Xu), 


The object of the extensive investigations of the Hun- 
garian Association, comprising, as they did, many thousands 
of tests, was the establishment of suitable standard tests for 
cements which differ in their nature from Portland cement, 
such, for instance, as Roman cements, which are not burnt so 
hard and contain a smaller percentage of lime than the first-men- 
tioned material. The speaker showed from the report, what an im- 
portant influence the addition of the water had on the strength of 
the test-samples in the.cases of pure cement, mortar, and concrete 
respectively, and put forward a new system of control in which 
the specific gravity of the mixture was calculated in advance from 
the specific gravities of its individual component parts with a given 
proportion of mixture by weight, and in which, by suitable addi- 
tions of water and suitable ramming, the specific gravity of the 
test-sample was said to be really attained also. The speaker illu- 
strated his explanations by reference to a large number of tables. 
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Prof. M. Gary believed that the statements of Prof. Zielinski 
paid too little regard to the chemical individuality of the cements, 
and welcomed the proposal that a committee be appointed to go 
more closely into the matter. 

In regard to the question of plastic mortars, the speaker 
did not overlook the great advantages which were attained by 
this process. Opposed to these, however, was the difficulty of the 
exact production of the test-samples, and, in particular, he would 
not like to see the process put into practical execution on the 
building ground. He thought that it would be premature were we 
now to attack the problem of the unification of the testing me- 
thods before that of standard sand had been disposed of, and he 
should like to move that Committee No. 42 investigate the question, 
whether the Freienwalde product be fit to serve as an international 
standard sand. The invariably uniform production of standard 
sand was ensured in Freienwalde, and by a modification of the 
sieves consisting in the substitution of the 144 mesh size for the 
120 mesh one, it would unquestionably be possible to fulfil the 
international requirements. The differences in the sand would not 
exert any appreciable influence on the strength values of the test- 
samples, and he believed that, by the introduction of the Freien- 
walde sand, the question of the unification of the test methods 
would be brought a long step forward. 


Prof. D. v. Nagy (Budapest) recommended that test-samples be 
made of plastic mortar containing from 40 to 60°/, of water. For 
the obtainment of correct results, it was necessary that the air be 
expelled from the test samples, in order that these may attain the 
weight calculated from the individual component parts; it was neces- 
sary, then, that the mortar be shaken until bubbles of air ceased 
to rise from it. He further recommended that pure cement be exa- 
mined, since an admixture of foreign matter might easily lead to 
false results. 

Prof. F. Schiile considered it useless to recommend an inter- 
national sand. This question stood in close connection with that 
of the unification of the methods of testing, and a former com- 
mittee had postponed it until the methods of testing could be made 
uniform. 
Professor N. Belelubsky (St. Petersburg) recommended the 
Freienwalde standard sand for comparative tests but not for 
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general international use. He called attention to the circumstance, 
that at the Congress in Budapest in 1901 and also at various 
other congresses, a mixed sand (in contradistinction to sands with 
one size of grain only) was recommended. 


Mr. Rich. L. Humphrey (Philadelphia) laid stress on the impor- 
tance of the question of an international standard sand. In America 
the question had been under consideration for the last 7 years. 
Samples of mortar were there in almost exclusive use, and a uni- 
form sand was, therefore, a necessity. A committee of engineers had 
there been appointed, which had recommended that crushed glass 
sand from Ottawa (Illinois) be made use of. He recommended that 
a committee be appointed to examine the standard sands of dif- 
ferent countries, to compare them one with another, and if possible 
to propose a standard sand for general international adoption. 


Dr. Rud. Dyckerhoff: In view of the investigations of the 
German Association, the latter had come to the conclusion that 
with pure plastic cement it was not possible to fix the setting time 
exactly. 

Prof. M. Gary agreed with the remarks of Mr. Humphrey and 
called attention to the results of comparisons between different sands 
already communicated by himself (Mitteilungen aus den kgl. tech- 
nischen Versuchsanstalten 1898, page 121). 


Dr. P. Priissing pointed out that the sheet of test-results which 
Prof. Schule had communicated showed differences in respect to the 
sand, the samples obtained from Ztirich and Karlshorst respectively 
having different specific gravities the explanation of which could only 
lie in the sand. In the standard samples the average specific gravity 
was, for Zurich 2°41 and for Karlshorst 2°33, while in the prism- 
samples the average was, for Zurich 2°21 and for Karlshorst 2°25; 
Zurich, then, had the higher specific gravity for the standard 
samples. He thought that this difference could only be due to the 
sand, and it was therefore necessary to solve the standard sand 
question. 

On the motion of the President the further discussion of the 
standard sand question was adjourned till Friday and the reports 


“On Rapid Methods for Determining the Strength of 
Hydraulic Cements” (X,) 


were brought forward for discussion. 
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Dr. F. Berger (Vienna) presented the report of Committee 
Nr. 9 on this question, which was also accompanied by a contribution 
on the same subject submitted by Mr. A. Greil (Vienna) and by 
one on hot water rapid-test samples by Mr. L. Deval (Paris). 
The reporter proposed the following resolution: 


“The numerous test-results submitted are so 
“contradictory that the hot water test appears too 
sunreitable to be Suitable for use for rapid tests far 
“the determination of the strength of the hydraulic 
SHenret.s.. 

*The Congress therefore recognises the justifi- 
Poe won Or tie motion, that the question as to the 
putty oi tne. Ol-water test for the acceleration of 
Biiorstretipt tests O1 Nydraulic cements be not pur 
Poued furthers 

(Om thesother Rand the.tests of Mr.e.Deval) once 
“more show how valuable these tests may become, 
fia Civinie an explanation of the tendency of the 
scements t0O.develop swellings and cracks,” 

This resolution was adopted. 


The reporter further moved that, even though the hot-water 
test for the rapid determination of the power of adherence be not 
pursued further, the Committee for the study of the question of 
an accelerated method of testing be allowed to continue its labours. 
The individual members shall be invited to study this important 
question further, so that starting points perhaps after the ~ 
elucidation of the chemical processes, may be obtained for the 
rapid determination desired. Results of experiments which may be 
obtained may then becommunicated to the Chairman of the Committee. 

This proposal was then adopted. The Chairman closed the 
proceedings at 2:10 P. M. and communicated the programme for 
the following day. 


3'¢ Meeting, Friday, Sept. 10 1909. 
The Chairman, Capt. Grut opened the meeting at 9°30 a. m. 
and brought forward the question 
“Weathering Resistance of Building Stones” (XII,) 


for discussion. 


en pos 
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Prof. Hanisch (Vienna) presented the report of Committee Nr. 7. 
The Committee had formerly decided to take as the basis of their 
labours the work of Geheimrat Hirschwald, which had since 
been published, and the work of the committee appointed by the 
German Association for the Testing of Materials on the weathering 
of building-stones. The Committee would accordingly be in a position 
to take up their functions, in the exercise of which they also proposed 
to utilize the suggestions contained in the works “Proposals for 
the testing of Natural Building Stones as to Weathering” 
by Prof. Dr. J. Hirschwald (Berlin), “On the Theory of Frost 
Action” by Prof. Dr. Seipp (Kattowitz) and “On Resistance to 
Frost” by E Leduc (Paris). The speaker moved that the Section 


give its consent to the continuance of the work of the Committee. 


The motion of Prof. Hanisch was carried, and a vote of 
thanks was accorded to all the reporters. 


The Chairman then invited Geheimrat Prof. Dr. Hirschwald 
(Berlin) to deliver his promised lecture. 


Prof. Dr. J. Hirschwald delivered a lecture illustrated by numerous 
views thrown on the screen, which was received with great applause 
and the most important points of which are given in the following: 


On testing the various kinds of natural-stone used for building 
purposes, to ascertain their weather resisting qualities. 


The testing of the various kinds of natural stone used for 
building purposes formed part of the programme sketched out at 
the first meeting held in Munich twenty-five years ago for securing 
unification in methods of testing materials. While, however, a 
number of other problems dealt with at that same meeting, es- 
pecially those that apply to researches in regard to metals and 
cements, have for some time past, notwithstanding some still 
doubtful points, led to the establishment of testing standards that 
are now pretty generally received, the researches in regard to 
building-stone, particularly with reference to its weathering pro- 
perties, have not so far yielded any practical results. This, however, 
may be sufficiently accounted for by the difficulties which have 
stood in the way of a solution of the problems involved in this 
particular instance. From the first, these problems did not resolve 
themselves simply in the ascertaining of the useful properties of a 
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material with a view to turning it to the best account, as 
has been the case with most of the other branches of research, 
but research had also to show and explain the variations 
occurring in the said properties in course of time and under 
the action of elements in the atmosphere, of frost, and to take 
into account weathering conditions under the action of running water. 
Hitherto, there had been no scientific basis whatever likely 
to prove of assistance in clearing up the matter. It was 
therefore in the first place necessary, to study the progress of the 
weathering process on the kinds of stone which had been exposed 
for stated periods of long duration to the action of the atmos- 
phere. The only means at hand to serve this special purpose 
were the buildings constructed of quarry-stone in which the 
duration of the weathering process could be accurately determined 
by the age of the buildings. There are a large number 
of such buildings, constructed of this material, the age of which 
varies from decades to centuries, and in which weathering can be 
observed in its various stages of progress. Specimens taken at 
great depths in an old construction further make it possible to 
ascertain what have been the original properties of the stone. By 
again selecting, with a view to comparison, buildings standing in 
open spaces and others located in large cities, also railway plant, 
bridges and harbour works, a good basis is obtained on which 
to form an opinion upon the different effects which the pure 
country air, the smoke and gas of cities, the dampness of the 
earth, river and sea water, have on the same kind of stone. 


In order to show the suitability of such preliminary re- 
searches it suffices to mention that a Committee appointed by the 
Prussian Ministry for Public Works for instituting experiments in 
regard to building-stone in conjunction with the Building Survey 
Departments, the River Navigation Management Committees and 
the Railways, have made a series of these tests upon the best 
preserved and the most decayed portions of as large a number as 1056 
old constructions, collecting at the same time specimens of the 
same stone freshly quarried in all cases in which the origin of 
the stone used in the buildings in question could be ascertained 
with certainty. 

The large amount of different kinds of material thus collected 
has been examined to ascertain the properties which, arguing 
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from the experience so far acquired, might have an influence on 
the durability of the corresponding stone. 


General results of researches. 


Lhe necessary preliminary condition for the establishment 
of a suitable method of testing stone for building purposes can 
be naturally defined after having ascertained exactly the processes 
which lead to its disintegration by the action of elements in the 
atmosphere. It could in a general way be taken for granted that the 
resistance of stone to this action depended both upon the stability o1 
the grain and upon the durabilites of the constituent forming the 
binding material of the grain 1. e. the resistance of the cementing 
subtance forming the bond, to the effects of the disintegrating 
atmospheric conditions. 

The test methods thereupon called for, may be classed under 
two headings, dealing with 

1. Chemical disintegration or decay, due to the proportion 
of carbonic acid gas, oxygen, water and gaseous products of 
combustion in the atmosphere. 

2. Mechanical disintegration, which may be _ subdivided 
as follows: 

a) Disintegration due to the softening action of water and 
the consequent washing away of the softer constituents from the 
surface of the stone. 

b) Disintegration due to frost, also to the alternating action 
of sun-rays resulting in a periodical expansion of the outer surface 
of the stone. | 

In the following remarks we differentiate as is necessary 
between the two main classes of stone which, according to their 
origin, are known as primary or secondary formation. 


1. Primary Stones (Granite, Syenite, Diorite, Porphyry, 
Trachite,Bosalt etcos 

The main constituents of these are known to be quartz and 
silicic bonding materials, styled silicates, such as feldspar, mica, 
hornblende, augite etc. The quartz may be considered as absolutely 
indestructible under atmospheric action; the silicates, also, show 
resistance to such an extent that even very small boulders or 
drifts, as encountered in the upper diluvial sand, have in a large 
number of instances remained practically unaltered. 
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But what an exposure to the action of the atmosphere 
lasting over centuries could not accomplish, has been effected in 
the course of geological periods by the agents at play in the 
earth’s crust, therefore we find that the primary stones which 
occur nearer the surface have in many instances lost part of their 
original quality; the feldspar they contain has especially undergone 
a more or less serious transformation. When once this has com- 
menced, it continues, as experience shows, at a comparatively 
rapid rate in the building stone when quarried and often leads in 
a very few score years to an extensive disintegration of the outer 
surface of the stone. 

This leads to the following proposition: 

The essential constituents of the primary stones may be 
considered to remain perfectly weather-proof during the whole of 
the time contemplated for the life of the building in which they 
are used, provided they have not undergone an extensive trans- 
formation previous to their being quarried. 

This proposition is founded upon experience and is of the 
greatest importance for solving the problem, in that it affords a 
most simple method for testing stone of this class, which method 
resolves itself purely and simply in the determination of the 
original condition of the component parts of the stone, or, in 
other words, in the determination of the extent of weathering 
previously undergone by the stone. There is available for this 
purpose a generally most satisfactory method which is easy to 
follow, i. e. the microscopical examination of the stone in the 
form of thin transparent sections, using polarised light. 

With regard to the strength of the texture of the primary 
rock formations, that is to say, the bonding of the grain by the 
crystallisation, this is generally so complete that on splitting up a 
freshly quarried stone, fracture is always across the granular 
components without the latter being disturbed from their former 
solidity. The crystalline bond resistance is, therefore, greater than, 
or at least equal to, the coherence of the granular components 
themselves; it disappears only with the disintegration of the latter. 

The following general scheme for testing may now be put 
forward as applying to primary stone: 

1. Microscopical research to ascertain the fresh condition of 
the component parts, or their degree .of decomposition. 
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2. Determination of the resistance of the material forming the 
binding material of the grain, action of water and frost effect, 
in the case of stone the component parts of which are not ab- 
solutely undecomposed. 

3. Quantitative analysis for determining an eventual percentage 
of ferruginous quartz. Estimation of the vitreous components present 
as to their basicity and percentage of iron. 


2. Secondary Stones (Sandstone, Greywacke, Limestone, 


Roofing, Slates, Tufa, etc.). 


For this class, weathering tests are of special importance 
inasmuch as it contains specimens of the most varied grades of 
quality. In the first place, and as regards the action of elements in 
the atmosphere upon the component parts of secondary stones, 
the durability of the grain and that of the binding materials 
can be considered together, for both substances are produced 
from the transformation of the primary formation and therefore 
both have, essentially, a similar composition. Where the trans- 
formation has been complete, there remain as residues which are 
not possible of further decomposition by the action of the atmosphere: 
quartz, amorphous silica, argillaceous and ophitic substances, cal- 
cium, magnesium and iron carbonate, iron oxide, iron hydroxide, 
together with the practically indecomposable mica. The imperfectly 
transformed material only, such as the small grains of half reduced 
feldspar and other silicates, also possible new formations, such as 
zeolitic substances, basic iron-silicates and ferruginous quartz, are 
Subject to further chemical modification. The chemical decomposition 
of sedimentary stones therefore, is limited mainly to the reduction 
of these component parts also to the effect of ferruginous quartz 
and to the action of the gaseous products of combustion upon 
the carbonates. Microscopical research makes it possible to ascertain 
accurately the presence of such foreign materials. 


The principal point for consideration in weathering tests with — 


these stones is, however, their behaviour in regard to mechanical 
disintegrating action, as, for instance, softening by water and the 
effect of frost. The binding materials come preeminently into 
consideration in this connection; this consists generally of clay, marl, 
lime, iron oxides or hydroxides and in certain cases, of incom- 
pletely reduced fine particles of stone. 
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All these stony pulverulent substances have not in themselves 
any very great bonding power. If they come in contact with water, 
they form a kind of mud which hardens to a certain extent by 
drying; but since the connection of the granular matter is solely 
effected by adhesion it is sufficient for water to act afresh upon 
the mass to soften the substances down again and to cause them 
to be washed away when they occur in the stones. 

These binding mediums, styled pelitomorpheous materials, 
acquire a Stronger adhesion and a more complete cementing 
property only after a thorough mixing with such mineral sub- 
stances as have separated from solutions in the stone, or which 
have been formed therein by chemical transformations. Among 
the authigeneous products, may be mentioned silica, in the form 
of quartz and opal; crystalline carbonate of lime; and, in certain 
instances, glauconite, iron silicate and zeolitic substances. When 
these infiltration products are lacking in the bonding material, the 
sedimentary rocks are always soft and can be disintegrated com- 
pletely with water, while the stones are stronger and more resistant 
to the action of the atmosphere the higher the proportion of cementing 
authigeneous substances. In this case, microscopical research also 
affords a most satisfactory means for arriving at the relative 
proportions. 

The following general testing scheme is applicable for a 
determination of the quality of sedimentary stones: 

1. Microscopical research to ascertain 

a) the mineralogical constitution of the granular constituents 
and the density of the binding medium; 

b) the class of grain bond and binding substance; 

c) the composition and structure of the binding substance; 

d) the stratification and the pore formation. 

2. Determination of the resistance of the grain bond and 
of the extent of softening by water. 

8. Testing for resistance to frost by the determination of 
the coefficient of saturation, or by experimental freezing tests. 

4. Chemical analysis to identify any components, which are 
difficult to classify in the mineralogical nomenclature. 


Microscopical research appears to be of paramount impor- 
tance in carrying out the tests above referred to, and the author 
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was able with the aid of lantern slides which reproduced a great 
number of sections, to illustrate the large field for the application 
of this method for technological research in regard to stone; the 
views showed the various textures which serve as standards for 
the determination of the durability of various types of stone. 


Mr. Cl. Segré (Rome) presented the rules for the conduct of 
tests on the resistance of stones to frost adopted by the Istituto 
Sperimentale of the Italian State Railways, which, in view of the 
large use of stones on the Italian railway structures, play an important 
part. He further presented the Chairman with a study from the 
above named institute “Sur la détermination de la dureté et dela 
tenacité d’une roche compacte.“ (On the determination of the hard- | 
ness and tenacity of a compact rock) in relation to rock-boring 
in connection with tunnel-works. He reported briefly on the tests 
for resistance to frost made by the Institute. The sample was first 
dried; then the air pumped out and water forced into it at 
a pressure of from 3 to 4 atmospheres. Hereupon it was put in a 
box and cooled by means of a solution of common salt down to 
a temperature of —15°, in which it remained for about 3 hours; it 
was then left in a dwelling room temperature for the space of 5 mi- 
nutes, after which it was immersed in a bath of +35°. Three tests 
could be made in 24 hours. The building-stones must be able to 
withstand at least 40 alternations of temperature, from —15° to +859, 


Prof. v. d. Kloes called attention to the great influence of the 
composition of the mortar on the weathering qualities of building- 
stones, and especially to the example of Cologne Cathedral, where 
the mortar used accelerates the weathering of these. 


Prof. J. Hirschwald admitted that the mortar may be a partial 
cause of the weathering of the stones, and accordingly welcomed 
the resolution adopted on the previous day by the Section in re- 
gard to the appointment of a committee for the study of this 
question. 7 


Prof. J. Vogt (Christiania) laid stress on the importance of the 
microscopic stone-investigations communicated by Geheimrat Hirsch- 
wald. We had here to do with a highly developed technique, 
which had been worked out in the course of several decades. The 
mechanico-technical testing-establishments would have to employ 
Specialists in petrographic methods of work for the stone investi- 
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gations. The use of this method for the technical study of stones 
was still, he said, in its infancy. 

The Chairman returned to the interrupted discussion of the - 
previous day on the reports on plastic mortars, and on the 
hardening of Roman and Portland cements, and proposed 
the following resolution: 


“The Congress thanks Committee No. 42 for the 
“communications made, and invites it to proceed 
“further on the path entered upon, giving due regard 
‘thereby to the results obtained by the Hungarian 
“Committee to which the Congress expresses its 
“warmest thanks. The Congress hopes that by the 
“meeting of the next Congress the Committee will 
"be able*to’ present a definite method for the em- 
reviMeiign ure plastic! mortar’ in’ the ‘testing “or 
eceme nts! 


This resolution was adopted. 


Prof. M. Gary presented his report 


“On the New German Standards for the Uniform Delivery 
and testing of Portland Cement*..(XIIl,). 


These differ from the older ones in three important particulars. 


1. The definition of Portland cement had been supplemented, 
by account being taken of its chemical composition. It must 
not have less than 1°7 parts by weight of lime and 1 part of 
soluble silicic acid + alumina-+t oxide of iron, and must be produ- 
ced by fine pulverisation and intimate mixture of the raw materials, 
calcination at least to vitrification, and fine grinding. To this meal 
there may be added, for certain special purposes, not more than 
3 per cent of other substances. The magnesium contained in it 
may at most amount to 5 per cent, and anhydride of sulphuric 
acid fo 2*/, per cent. 


2. The testing for tensile strength was given up, and in its 
place the requirements as regards compression-strength of the 
standard mortar and the fineness of grinding of the Portland cement 
were considerably increased. The speaker showed how it was 
proved by means of 30,000 distinct tests, that the reliability of the 
compression-test method was considerably superior to that of the 
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tensile test, and pointed out how greatly the tensile and compres- 
sion tests vary in the table. He observed that the proportion bet- 
ween the two used to be taken at 1:10, whereas it had now 
been shown to vary between 1:6 and 1:15. The Portland cement 
must be ground so finely that on a 900 mesh sieve it leaves a 
residue of only 5°/). The width of mesh of the sieve is not to ex- 
ceed 0°222 mm. 


3. The compression of cubes which have been exposed to 
the air for 1 day and have then lain for 6 days under water has 
been introduced, as the. final standard test. Slowly setting 
Portland cement consisting of three parts by weight of standard 
sand and 1 part of cement shall attain a compression strength of 
at least 120 kgs. per sq.cm. After a further period of hardening 
of 21 days in the air the compression strength is to amount to 
250 kgs. per sq.cm. The speaker moved that the Association de- 
cide to declare its adhesion to the German standard. 


Dr. O. Lieven (Novorossissk) opposed the wording of the German 
standards, according to which the products were to be pulverised 
and mixed before calcination. As a result of this an Industry would 
be deprived of its possibility of existence. In Switzerland, Austria, 
the Balkan countries, South Russia, and the Caucasus there were 
a considerable number of marls which, when burnt without any 
previous preparation, gave an excellent Portland cement. It was not 
to be recommended, therefore, that the German standards be 
adopted for international conditions. 


Dr. Ing. Rud. Dyckerhoff in reply contended that the text 
of the standards did not in any way prevent a cement, which ~ 
was produced by the burning of a natural intimate mixture, from — 
being accepted as a Portland cement. 


Prof. M. Gary considered that the definition of the German 
standards given was adapted to the German conditions. In Germany 
natural cements of the Kind referred to did not occur. 


President Grut stated that Mr. Rich. L. Humphrey (Phila- 
delphia) proposed the following resolution: 


“The Congress wishes that a Committee inve- 
“stigate the question as to whether it is possible to 
“adopt an international standard sand, and, should 
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Pints ot*bevthe case, to collect results of experience 
"on ‘the relative’ values of the various kinds of 
“standard sand from the different countries.“ 


Mr. Rich. L. Humphrey gave reasons in support of his motion, 
but said he did not believe that it would be possible to come to an 
agreement with reference to an international standard sand. He was 
of opinion, however, that it would be of great importance to 
obtain information in regard to the standard sands of the different 
countries; in recent years so many different standard sands had 
made their appearance, that comparative experiments had become 
necessary. 

A second motion, that a committee be appointed to study the 
question of a unification of the methods of testing hydraulic cements, 
was, on receipt of an explanation, withdrawn by Mr. Humphrey. 

Prof. F. Schiile pointed out that the Bauschinger Committee 
had already given its attention to this question, and that in going 
into the question of a uniform method of testing cements Committee 
Nr. 42 would also be handling that of standard sand. 

Prof. N. Belelubsky advised that caution be exercised in 
the appointment of committees. The Bauschinger Committee 
had some time since shown, how a universal standard sand might 
be obtained. 

The Chairman put to the vote the Humphrey motion, 
which was adopted. Since, however, the Chairman was reminded 
on several sides that Committee No. 42 had already been entrusted 
with the treatment of the question of standard sand, he declared 
that, in informing the President of the Association. of this Sectional 
Resolution, he would also communicate this circumstance to him. 

Finally Prof. M. Gary withdrew his motion in regard to the 
German standards. 


The Chairman passed to the discussion of the Committee 
Report 


“On Accelerated Tests of the Constancy of Volume of 
Cements“ (X3) 


Mr. Bertram Blount (London) submitted the report in question 
and stated that he had come to an agreement with several members 
of the Committee upon the following wording regarding the Le 
Chatelier tests, which he proposed for acceptance: 
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“The cement is mixed and put into a mould which is placed 
“upon a glass plate, the points of the indicator needles being held 
“together. When the mould is filled, it is covered by another glass 
“plate held down. by a small weight. The whole is immersed for 
“twenty-four hours in water at 15° C. (59° Fahr.).. The ties or 
“other devices used to hold the mould together during the setting 
“are then removed; the distance between the needles is then 
“measured and the mould is placed in cold-water which is brought 
“to boiling point within one hour and is maintained boiling during 
“six hours. The mould is then taken out of the water and after 
“it has cooled down the distance between the needles is then 
“measured afresh. The difference between the two readings represents 
“the expansion of the cement.“ 

This motion was opposed by several of the German members, 
who pointed out that in England itself the method was not introduced 
until it had been decided to expose the cement to be dealt with to 
the air for a certain length of time before the beginning of the 
test. This however rendered the test of no value, since cements of 
inconstant volume soon became constant when exposed to the air 
and ceased to swell. 


Dr Dyckerhoff (Amoneburg), opposed the motion of the Com- 
mittee and he added: “The Association of German Portland Cement 
Manufacturers, considering the results obtained from a series of 
tests of considerable length made by a committee of the Association 
in connection with the Royal Laboratory for the Testing of Materials, 
Gr.-Lichterfelde, is of opinion that the cold-water test after 28 days 
is completely reliable, for the formation of judgement as to the 
constancy of volume of a cement, and that the Le Chatelier 
accelerated process proposed by Committee No. 32 for adoption, 
consisting in the boiling of the cement sample after it has been 
hardened for 24 hours under water and the measurement of the 
extension in the Le Chatelier mould, is not to be recommended.“ 

Expression was likewise given some time ago in Germany to 
the view that the cold-water test after 28 days was not sufficient; © 
hence it was that the above-named committee was appointed. 
The Royal Laboratory obtained 10 cements in the market and 
distributed them among the members of the committee. The cold- 
Water test and several accelerated tests were then made. All the 
cements withstood the “cold-water test after 28 days“; the accelerated 
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tests, as also the cake test made by boiling after 24 hours hardening, 
ended in the failure of some of the cements. In addition, in the 
case of all the cements, strength-tests were made on mortars of 1:1, 
and 1:3, made after hardening periods ranging up to 2 years. The 
cements which had failed to withstand the accelerated tests here 
behaved in an entirely normal manner. 


That a cement failed to withstand the hot water test merely 
showed that the cake which had been exposed to the action of 
boiling water after a hardening period of 24 hours and had thereby 
developed cracks, was at such a stage of hardening that it was not 
yet able to withstand extension produced by the accelerated 
hydratation due to the higher temperature. Since, further, cement 
cakes that had behaved well under the cold-water test and developed 
cracks after periods of 24 hours hardening, were able to withstand 
the boiling after hardening in water for some days or weeks, it 
followed that such cements do not contain any of the so-called 
detrimental lime and would therefore give good a account of them- 
selves in practice. 


This view was supported by the test-results of the above named 
committee, which also conducted tests under conditions corresponding 
with those of actual practice. With all the 10 kinds of Portland 
cement, rosettes, medallions, and drain covers were made by a 
cement-works from an intentionally rich mixture of 1 of cement 
to 1 of sand. After undergoing periods of hardening of 3 days 
and 4 weeks respectively in the workshop, these were exposed to 
all the influences of the weather. After a period two years of 
observation the objects showed a few small unimportant edge- 
cracks, and fine hair-cracks, which however were to be attributed 
to shrinkage caused by the rapid drying of the rich layers of 
cement pulp. Apart from this, all the objects were well hardened 
and in good condition, although some of the cements used had 
failed to withstand the boiling test. 


Ail the cements had likewise successfully withstood the cold- 
water test; in respect to the boiling, however, some of the 
samples which had failed under it, had been falsely judged. It 
had moreover also been shown at the International Congress in 
Zurich, that some cements which under the boiling test showed 
themselves to be unexceptionable had failed under the cold-water test. 
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The speaker pointed to the conclusions from the tests in 
question advanced in the “Mitteilungen des kéniglichen Material- 
prufungsamtes* (Communications from the Royal Laboratory) in 
Berlin, Supplement No. 1, which were to the effect, that none of 
the so-called accelerated constancy-of-volume tests were well suited 
in all cases to serve as bases for the rapid formation of a reliable 
judgement on the admissibility of a cement for use in actual 


practice. The tests have further shown that all the 10 cements — 


then experimented with, which withstood the standard cake-test 


are also constant in volume (in the practical sense) when given 


the form of test samples or cement wares of commerce. The increase of 
strength of the test samples during the processes of hardening in 
water and air speaks for the applicability of the cements in practice. 

The objects referred to, which were kept for 10 years on a 
roof, are now, for further observation, in the Gr.-Lichterfelde 
Laboratory, exposed to all the influences of the weather, and are 
after 12 years, still in good condition. 


The Le Chatelier method recommended by Committee 
Nr. 32 for accelerated tests of cements for constancy of volume 
corresponds in principle to the so-called boiling test. In both 
cases the cement, hardened for 24 hours, was exposed to the action 
of the boiling water. Under the boiling test the more or less consi- 
derable crack-formation was observed on examination of the cakes, 
while by the Le Chatelier method the extension produced by 
the formation of the cracks was measured. The last mentioned test is 
the more exact, and depends less on the judgement of the operator. 
Le Chatelier’s test, however, is, equally with the so-called boiling 
test, unsuitable for the above mentioned reasons for the formation 
of final decisions as to constancy of volume, and the speaker was 
informed that the German Portland Cement Manufacturers in 
consequence considered it necessary that the “cold water test after 
28 days” be retained as the deciding one, until a constancy of 
volume test can be discovered which enables tests to be reliably 
carried out in a shorter time than by its use. 

In the new German standards also, the cake test in cold water 
hitherto applied was therefore retained as the deciding one for 
constancy of volume. The speaker declared, however, that the 
German members were quite willing to co-operate further in the 
labours of Committee Nr. 82. 
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In conclusion he further wished to point out that, according 
to Committee Nr. 82, under the Le Chatelier test an exposure 
to the air of the cement to be tested after 24 hours and 7 days 
respectively is also provided for. A cement which fails under the 
Le Chatelier test immediately on delivery, may very well be 
able to withstand it after 7 days exposure to the air, and in his 
Opinion the cement must therefore be tested as it is delivered. 

Mr. B. Blount stated that he knew the German cements quite 
well for he had had much to do with them, and if they could not 
stand the hot-water test, he would contest their constancy of volume. 

Prof. D. v. Nagy (Budapest), laid emphasis upon the necessity 
of deciding the point after the lapse of seven days. He called 
attention to three causes which made for expansion of cements, 
the action of the hydrated sulphate of lime, that of magnesia and 
that of lime. The contents of hydrated sulphate of lime and of 
magnesia could be ascertained by analysis, but the point as to 
Whether the lime content was too high could not be determined 
by an analysis. The free lime unslacked in water was specially 
dangerous. He agreed to the motion before the meeting. 


Mr. E. Leduc (Paris), recommended the Committee’s decision. 
He considered the Le Chatelier test a very satisfactory one, 
especially for rotary-kiln cements as was proved by numerous 
experiments. 

Mr. Mayntz-Petersen (Copenhagen) was also in favour of 
the Committe’s proposal. 

Dr. P. Priissing protested against Mr. Blount’s statement to 
the effect that the test was a too severe one for the German 
cements. He (the speaker) had already taken part in the discussion 
on the hot-water test at the former Congress and had shown a 
cement which had satisfactorily withstood that test, but which was 
not constant in volume. He considered the Prussing cake-pressure 
test as a much more severe test for many cements and more 
suitable for every day practice. Some cements were made with 
but very little water, for use for ornamental stone manufacture, 
which, later on, were subjected to the action of large bodies of 
water. In such cases many cements failed which had satisfactorily 
undergone the hot-water test. 

Mr. B. Blount believed that Dr. Prussing’s cements Satis- 
factorily stood the Le Chatelier test; should they not do so, he 
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could not, he was sorry to add, consider them as being constant 
in volume. 


Dr. Rud. Dyckerhoff remarked that cements rich in lime 
withstood the hot-water test very satisfactorily. 


Prof. D. v. Nagy (Budapest) was of opinion that the strength 
of cement increased during the hot-water tests and that by main- 
taining the cement for six hours in boiling water a strength was 
reached equal to that obtained after twenty-eight days in the open. 


Mr. Rich. L. Humphrey (Philadelphia) regretted that no reference 
was made in the motion with regard to the quality of the water. The 
water available throughout America varied greatly in composition 
from one place to another and the class of water used had a very 
great influence upon the tests. He considered as very doubtful 
Whether the complicated Le Chatelier method could be recom- 
mended for general application and expressed the hope that a 
more satisfactory test would be decided upon later. 


Mr. B. Blount was of opinion that in all parts where cements 
would be required to be tested, water sufficiently clean for drinking 
purposes could be obtained, and all drinking water was sufficiently 
good to be used for carrying out the tests. The Le Chatelier test 
had been introduced in England several years ago. This fact 
afforded a proof that it was not too complicated; it could be 
carried out almost by anybody. 

The following resolution was thereupon adopted by forty-seven 
members, there being nineteen dissentients: 


“The Congress resolves that the Le Chatelier 
“method be recommended as the standard accelerated 
“test for the constancy of volume of cement.” 


The German members entered formal protest in the minutes 
against this resolution. 


The Chairman passed on to the discussion of the report. 


On the Best Manner of determining the Commencement ~ 


and the Time of Setting (X,,). 

Mr. I. Laborbe (Paris) presented his report on the use of the 
ball-pressure test for the determination of the time of setting. He 
showed a series of tests which he had made with his apparatus, 
and referred to the diagrams which illustrate the test procedure. 
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Mr. E. Leduc (Paris) recommended the Laborbe apparatus, 
with which he had himself obtained satisfactory results. 


President Grut thanked Mr. Laborbe for his interesting report 
and adjourned the discussion of the questions still remaining until 
Saturday morning. 


4» Meeting, Saturday, September 11*, 1909. 
Capt. Grut invited Prof. Gary to present his report: 


“Determination ofthe Simplest Method for the Separation 
Cigtieinest Fatticies in Portland Cement by Liquid and 
ito POCeSs. (Na), 


Prof. M. Gary referred to the report delivered partly by himself 
and partly by Mr. Mayntz-Petersen. The Committee some 
days ago held a meeting and decided — since proposals pointing 
in two directions had been made, as to the manner in which this 
process can be applied to the purposes of scientific investi- 
gation — to sropose to the Congress that they be empowered to 
continue their labours. 


Mr. Mayntz-Petersen (Copenhagen) would like, in the first place 
to call in question the statement made by Prof. Gary in his report, 
“that the Petersen apparatus can take the place only of a sieve 
finer than 5000 meshes per sq. cm., and divides the cement for testing, 
only into two portions (fine and coarse meal), so that the tests on 
different cements with sizes of grain evidently differing consider- 
ably, show only small differences there being thus no advantage over 
the separation by a 5000 mesh sieve.“ The speaker further re- 
marked that this cannot constitute an objection to his apparatus, 
since to a considerable degree a similarity between sifting and bolting 
must of course exist, which may also be seen from the Prof. Gary’s 
results, especially when, in order to compare these with the 
speaker's, the sum of the different grain sizes (I+ I], I+ I+ Ill) 
are set off graphically. 

He further observed that, in his experiments referred 2 (0eane 
only used one bolting hopper, with which the residue was 
approximately 50/). But he could make the bolting hopper of such 
dimensions that the residue was greater, so that the separation 
could take place for other sizes of grain. Further several hoppers 
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can be used when it is desired to test the fine meal more 
thoroughly. He made a brief reference to the experiments which 
have been begun in the State Laboratory, Copenhagen, at the 
cost of the Association of Scandinavian Portland Cement Manu- 
tacturers') on the influence of grinding on the size of grain and 
other qualities of cement. At these experiments two bolting 
hoppers are made use of: in the second of these the lower opening 
is somewhat smaller, as a result of which a larger residue re- 
mains behind. If, now, first the per cent amount of the residue 


on the 5000 mesh sieve, and then the amount of the residues on 


the first and second hoppers be determined, we have, first, 
the °/, of residue at the hopper; secondly, the difference between the 
second and first figures; thirdly, the difference between the third figure 
and the second, and finally the percentage figure required to make 
up 100, or an exact classification of the cement in four sizes of 
grain. In view of the lateness of the hour, the speaker did not wish to 
go further into the results obtained. In conclusion he believed him- 
self justified in asserting that, as compared with the Gary appa- 
ratus, his own had the advantage of greater simplicity, and that, 
in connection with the latter, it was possible without difficulty to 
adjust several hoppers in such a manner that they gave the same 
result, and that the possibility of providing several bolting hoppers 
enabled several divisions with residues up to 70°/, to be made. 
For the rest the speaker supported the motion of Prof. Gary. 


President Grut moved the following resolution: 


“The Congress begs Committee 80 to continue 
“their work on the adopted lines and to report on 
“the results at the next Congress“ 


which was adopted by the meeting. 


In reference to the report 


“Unification of Specifications for Gypsum* (Xo). 


Prof. M. Gary stated that he had communicated with Mr. Feret _ 


in regard to the question: Both reporters recognised that this difficult 
question admitted of no satisfactory solution at present. The 
speaker had received a letter from Mr. Satori Mor, of Budapest, 


') A report on all the experiments undertaken will at a later date be 
published, 
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in Which the latter expressed the hope that the German Gypsum 
Association might, by the time of the meeting of the next con- 
gress, be in a position to provide data for the solution of this 
question. 


The Chairman proposed to postpone the treatment of 
the question till the next Congress, which was agreed to. 


He then passed to the discussion of Report: 


“Testing Puzzolanas with the object of determining their 
Vale tor Mortars” (X,,). 


Mr. G. Herfeldt (Andernach-on-the-Rhine) gave a resumé of his 
report. He was sorry that the participation in the work of the 
committee had been so small, and laid stress on the difficulties 
which had cropped up among its members in coming to an 
agreement. Thus. differences of opinion occurred even on the 
question, as to the form — whether powder or paste — in which 
the lime should be used in the tests. In the countries in which 
Puzzolanes are used in large quantities, as for instance in Germany, 
Italy, Holland, and Belgium, exact methods of testing are pres- 
cribed, which, though differing from one another, completely attain 
their objects, since, when made with the same materials and by 
good operators, they thoroughly suffice for determinating the 
values of the various puzzolanas. In the face of these old-established 
methods the problem of the establishment of uniform rules appeared 
hopeless. To this was added a circumstance which almost prevented 
the establishment of a uniform system of testing, viz., the different 
methods of application of the Puzzolanas. In Germany, Holland, 
and Belgium, only one method of application of the Puzzolanas. 
— i. e. that in which they are ground as finely as possible — 
is known, while in Italy only the crude Puzzolanas in the loose 
condition in which they occur are made use of. The speaker 
referred to the work which Mr. Feret presented to the VII. Congress 
for Applied Chemistry in London 1909, and in which he 
proposed to determine the value of the Puzzolanas by series of 
chemical tests. On the basis of a discussion which he had had 
with several members of the Committee, the speaker wished to 
move the following: 

“Committee No. 11 is commissioned to collect the standards 
“prescribed for the testing of Puzzolanas in the different countries, 
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“and to bring them to the notice of the members of the International 
“Association. The Congress is of opinion that, owing to the use 
“of different kinds of lime and sand, and of puzzolanas either 
“ground or unground (pouzzolanes a l'état granulaire) a uniform 
“method for the different countries cannot give results that admit 
“of comparison one with another, and is for this reason impracticable‘. 


‘Mr. Cl. Segre informed the meeting that the Italian Association 
some years ago appointed a committee to lay down rules for the 
testing of Puzzolanas, immense deposits of which occur in Central 
and Southern Italy. The speaker paid grateful tribute to the service 
rendered by Mr. Feret in connection with the work of Committee 
Nr. 11 of the International Association. The question entrusted to 
the Committee was still at the same point as at the time of the 
raising of the question in Zurich, and at the time of the proposal 
he made in Brussels in 1906, to the effect that a distinction be 
made between the standard methods of testing trass and those 
of testing Puzzolanas in the unground condition. Although both 
materials are of the same origin and though both these volcanic 
products are of a puzzolanic nature, in so far as they have to be 
mixed with lime in order to produce hydraulic mortar, they never- 
theless require different tests, however much they have in common 
with each other. On the other hand the testing methods must not 
diverge too much from the ordinary ones of the materials in 
general use. This was the reason why no agreement had been come 
to in regard to methods of testing. But the labours of the committee 
on the Puzzolana question were of a general character and had 
been exceedingly useful, especially for the Italian Association. He 
was of opinion, then, that two kinds of rules were necessary: 

1. Rules for puzzolanas which in their natural condition are 
compact and which can be pulverised artificially for use. 

2. Rules for puzzolanas in unground condition which are 
applied in the state in which they are found in the deposits. The 
Speaker presented the report of the “Istituto Sperimentale‘ of 
the Italian State Railways, which contains an extract from the 
rules for true puzzolanas (pouzzolanes granulaires), which were laid 
before the Italian Testing Congress of 1907 in Rome and since 
then have in the light of investigation and experience been extended 
for putting before to the Congress of Palermo in 1910. In con- 
clusion he observed that these rules had already been in use for 
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2() years with very satisfactory results in the laboratory of the Italian 
State Railways, where they have been uniformly and_ strictly 
applied. 

Mr. M. Rozsa (Budapest) referred to some of the proposals of 
Committee Nr. 11. He advocated that standard tests be made either 
with lime paste or with slaked lime in powder, but that slaked 
lime in paste be dried till the hygroskopic water evaporates, 
then reduced to such a degree of fineness that the pulverised 
hydrate will pass through the 5000-mesh sieve. As a degree of 
fineness of grinding for the standard tests, he proposed that laid 
down for the Portland cements. In opposition to the view 
expressed by Mr. Herfeldt, he had found that the stony compact 
parts of the trass were the best ones, and contained silicic 
acid having good binding qualities, and that a large number 
of tests had shown that the strength increases with the fineness 
of grinding just as in the case of other cements. He recommended 
that the addition of the hydrate of lime should always bear a 
certain proportion to the binding silicic acid, and that this latter 
be determined by dissolution in a 20°/, solution of hydroxide of 
potassium. Finally he recommended that test samples intended to 
be kept for a time in water should not be immersed in the latter 
tili 48 hours after their preparation, since it was often found that 
the trass-mortar had not yet become set. Tensile tests should be 
made after 7 and 28 days, and compression tests after 14 and 
28 days exposure to water or to a damp atmosphere. 

At the conclusion of Mr. Rézsa’s remarks the Chairman 
moved that the question of the testing of puzzolanas as to their 
value. as mortars be adjourned till the next Congress, because the 
time was already so far advanced that the meeting must be closed, 
and a discussion on the different, and, partly, diametrically opposed 
views was no longer possible. 


The following resolution was accordingly adopted: 


Sie Congress leaves the question of the tes- 
“ting of puzzolanas to the next Congress.“ 


Mr. Mayntz-Petersen (Copenhagen) submitted his proposal for 
the alteration of the method of cement-testing recommended by 
the Brussels Congress, since the quantities of cement-mortar pre- 
scribed therein were too small to fill the mould. 
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The Chairman made the proposal that the resolution take 
the following form, which was also agreed to: : 


“The Congress gives to § 8c) of the method | 
“recommended by the Brussels Conereae een 
“testing of puzzolanas the following new wording: — 

“A’ conical metal’ ring ‘the lower diameter on 
“which is’ 75 cm and thé upper one 6°D Chitana eae 
“depth of which is 4 cm and which is mounted on a 
‘plate Of plass/'"1is° to “be at’ once ttre eno 
“already mixed paste. The upper surface is then to 
“be smoothed © off" with a kniitey “all set eee 
“shaking being meanwhile avoided.“ 


The Chairman closed the proceedings and thanked the par- 
ticipators in the work for their contributions and also for the 
active part taken by them in the discussions. 


ee ee ee 


Prof. Gary conveyed the warmest thanks of the meeting to 
Captain Grut for the masterly way in which be had conducted ~ 
the proceedings, his words being accompanied by the loud ~ 
applause of those present. 


Conclusion of the meeting at 10.0 a. m. 


= Ti2 


Proceedings of Section C (Sundries), 


First Day’s Proceedings. Wednesday, Sept. 8, 1909. 


Prof. A. Mesnager opened the Meeting. He read the names of 
the Honorary Presidents and Honorary Secretaries of Section C 
and requested the Chairman Commander Miinter to undertake the 
conduct of the proceedings. 

The Chairman Commander B. Miinter (Copenhagen) first 
addressed himself in warm words of welcome to the specialists 
who had responded to the call to Copenhagen. In regard to the 
problems dealt with by Section C, Commander Munter continued, 
they were, in comparison with those of the other sections, much 
less numerous and less beset with difficulties. But this very cir- 
cumstance would enable members to give their special attention to 
the reports; all who have read them will acknowledge them to 
be worthy of it. Commander Munter concluded with the hope 
that the meeting might be able to add an instructive and useful 
supplement to the reports which had already achieved so much, 
not only from the industrial point of view, but also from that of 
the general community. The International Association had moved 
vigorously forwards. Within a short time it had succeeded in 
creating a new science devoted to practical aims, and in so doing 
it had understood. how to make a skilful use of other branches 
of knowledge, including pure theory. 

After these observations the Chairman opened the discussion 
on Paints on Metallic Structures with the report 


“On the Corrosion of Iron in Water and Aqueous Solu- 
tions (XVIL). 


He called on Prof. E. Heyn. 
Prof. E. Heyn (Gr.-Lichterfelde) gave a short review of the 
work carried out by himself and Prof. O. Bauer, which had 
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been published in the Communications. He stated that the im- 
portant factors in rust formation were flowing water and oxygen 
dissolved in the water 

The presence of carbonic acid, he said, was not necessary for 
the formation of rust; this acid acted as a dissolvent like every 
other. The rapidity of rusting and of the consumption of oxygen — 
connected therewith depended above all on the supply of oxygen. 

Prof. E. Heyn mentioned all the circumstances which exer- 
cise influence on the concentration of the oxygen in the vicinity 
of the rusting iron, such as the distance between the surface of 
the iron, the area of the surface of the liquids by which the oxygen 
diffuses, the supply of fresh: air, the increase of the partial pressure 
of the oxygen in the atmosphere in contact with the liquid; 
the renewal of the liquid, and the proportion borne by the quan- 
tity of liquid to the surface of the iron. He said that a part is 
also played by the smaller solubility of the nitrogen compared 
with that of the oxygen, so that, when a liquid saturated with. 
air is heated, a mixture rich in oxygen is given off. If this collect 
in the form of air-pockets on the parts of the iron under-water, 
as for instance in a steam boiler under pressure, two rust-causing 
circumstances act together: — the enhanced partial pressure of 
the oxygen and the increased percentage of oxygen in the gas. 


The speaker then gave an account of the tests, which were 
made to determine, whether, in case of faulty coating, an attack 
of rust can take place in the inside of a gasometer at the point 
where the plates of the receptacle dip into the water-tank. This 
proved to be possible, because the oxygen of the atmosphere is 
capable of diffusing itself through the protecting water of the re- 
ceptacle to the iron. The means of preventing corrosion, Prof. 
Heyn added, correspond with those for the prevention of the pre- 
sence of the pressure of a percentage of oxygen in the water. The 
covering of the surface with oil is inefficacious, because oil has 
a greater capacity than water for the absorption of oxygen. The 
Suspension in the water of bags filled with charcoal-powder is 
more successful. Prof. Heyn then discussed in detail the influence 
of contact between the iron and other metals on the attack 
in water. By the contact of the iron with a less precious metal in 
the electric tension scale the attack of the rust on the precious 
metal is diminished and that on the non-precious one is increased. 
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When iron comes in contact with a more precious metal, the for- 
mer is attacked in an increased degree through the medium of 
aqueous rust-producing solutions Similarly, by contact with zinc, 
iron is found to be preserved from rust, while, on the other hand, 
its oxidation is increased by contact with copper or nickel. Mild 
steel may, under certain conditions, be protected by a contact with 
cast-iron. The order of the metals in the tension scale is not in- 
variable as regards their electric properties, but depends on the 
fluid in which these are immersed. 

The question, what kind of iron (wrought-iron, mild steel, 
or cast-iron) exhibits the greatest tendency to the formation of 
rust, is still an open one. In an experiment in undisturbed distil- 
led water, for instance, it was found that: after a lapse of 
2 months, mild steel was attacked most, wrought-iron to a less, 
and cast-iron to the least, degree; after 7 months cast-iron was 
attacked most and mild steel least, while after 17 months mild 
steel and cast-iron were attacked in almost equal degree. On a 
resumption of the tests, the conditions may happen to be different, 
so that it may be partly matter of accident which kind of iron 
will, after a given duration of the test, show the greatest or least 
degree of attack. The differences in all these cases, however, are 
very small, and in presence of the other influences play quite a 
minor part. The statement that the solubility of the materials in 
sulphuric acid supplies a measure for the degree of attack by 
rust, is not correct. 


Prof. Heyn then discussed the tests for the determination 
of the corrosive power of various fluids on iron, and explained the 
conceptions of critical concentration and limited concentration of 
a solution. The view that the alkaline solutions in all cases pre- 
vent the attacks of rust, is wrong. The protective action of the 
carbonates of alkali shows itself only in certain combinations. Be- 
low this concentration there may exist solutions which, in part, 
produce very strong attacks. Equally wrong is it, that chlorides 
and alkaline sulphates in every case produce stronger attacks than 
pure water. Chromic acid and its salts are the powerful protectives 
against rust. Even small additions of these chemicals to distilled 
water have a protective effect. 

The speaker saw an interesting posibility for the explanation 
of the complex phenomena of oxidation in the study of the fall 
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of electric tension between iron and the various fluids. Professor 
Heyn finally gave some hitherto unpublished particulars of tests 
which were made for the purpose of clearing up the influence of 
the temperature on the formation of rust. It had transpired, in con- 
nection with these, that for distilled water the maximum of attack 
lay at about 60°. From this point to about 100° the corrosive 
power fell again, till it reached a minimum at the later tempera- 
ture. At ordinary temperature the attack was only about 4/, of 
the maximum. 


Mr. E. Camerman (Brussels) declared Prof. Heyn’s theoretical 
comparisons to be of the greatest value in actual practice. He 
asked whether Prof. Heyn agreed with some practical conclusions 
which he himself had drawn from the feed of stéam boilers. 
Prof. Heyn, he said had directed attention to the importance of 
the electrolitical processes. This influence was further increased when 
the conductivity of the liquid medium was increased by the presence 
of certain salts — in particular of sulphate of sodium. He inferred 
from this that it was necessary, in analyses of water, to pay attention 
not only to those which remain in solution, but also to the ones 
which, by reason of the escape of the steam, become more and 
more concentrated. Under certain cicumstances these salts may 
become powerful electrolytes; their detrimental iufluence shows 
itself in particular in certain locomotive boilers at the point where 
the copper tube-plate is connected with the iron plate by iron 
rivets. The heads of such rivets are prematurely attacked by the 
oxygen set free. | 


The sulphate of sodium owed its formation principally to the 
introduction of the scale-preventing sodium-based products of the 
combination of the sulphates of lime and sodium. 


Prof. E. Heyn (Gr. Lichterfelde) admitted that the action of 
galvanic chains formed by the contact of different metals in the 
elektrolytic solutions was increased by the growth and conducti- 
bility, and therefore by the increase of the percentage of salts in 
the solution. It was, hovewer, to be observed that, after the removal 
of the salts from the water, so far as this is practicable (distilled 
water), the galvanic action still remained. Even in distilled water 
the contact between different metals had a considerable influence 
on the attacks made by rust. 
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There were two means of diminishing the attack: 

a) Reduction of the conductivity of the solution (i. e. the use 
of water of the greatest possible purity); 

b) Reduction of the percentage of oxygen present in the solution. 


The former of these diminished the galvanic action only toa 
certain degree, while it, on the other hand, considerably increased 
the attack of the rust on the iron, because pure water possessed 
the maximum of capacity for the dissolution of oxygen. Thus, 
one evil was removed by another one which was at least as great. 
Prof. Heyn believed that good practical results can be obtained 
by the use of the means a) only in a very restricted number of 
cases. 

The means b) was at any rate the more effective of the two, 
because, after the de-oxygenation, all rusting ceased, including 
that produced by galvanic action. Every diminution of the per- 
centage of oxygen in the solution corresponds with an increase 
in the life of the particles of iron in relation to the attacks of rust. 
In practice the greatest attention will have to be paid to all circum- 
stances which have the effect of mechanically mixing air with the 
water, since every air-bubble acts like a store of oxygen, by means 
of which the water can keep itself saturated with this element. 

Mr. E. Camerman (Brussels) said, in reference_to the interesting 
study on the influence exercised by the air and carbonic acid 
set free in water from the solution, in regard to which Prof. Heyn 
had reported, that it is a well-known circumstance that, at the 
points at which the feed water is introduced into a boiler, the 
plating of the latter is attacked by patches of rust, and that hydro- 
xydes of iron show themselves there in the form of blisters. In 
locomotive boilers, for instance, there are anchor-rods which 
connect the two copper tube-plates with one another. These become 
‘covered with rust exactly above the point at which the water 
enters the boiler. Oxygen is introduced by the cold water. The 
little oxygen bubbles which appear on the upper surfaces of the 
anchor-rods remain in contact with the iron and destroy the metal. 
The little bubbles which appear on the lower, or on the side, 
surfaces, are quickly expelled and replaced by large ones which 
rise from the bottom and which even, though they do not settle 
on the iron, always remain separated from it by an extremely 
fine layer of water. These little lower and lateral air-bubbles do 
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not develop any rust, while the large bubbles which cover the 
upper surface scoop out the iron and very appreciably reduce 
the sectional area of the anchor-rod. 

It would be interesting to find a remedy for this evil, whether 
in the form of a protective like one of the tar-products won from 
non-acidous minerals, or whether in that of an. arrangement by 
which the air and the carbonic acid are enabled to escape at 
a place at which no danger is to be apprehended. 

Prof. E. Heyn supplemented the remarks of Mr. Camerman 
by a few observations from actual practice, which he briefly 
illustrated by means of hand sketches. 


Mr. A. Grittner (Budapest) observed in relation to Prof. Heyn’s 
report, that the corrosion of the gasometer dome is to be attributed 
only to the circumstance that the air is diffused in the trap water; 
even if it should become possible to avoid this circumstance, the 
inside of the receptacle would rust, since the gas is washed by 
the water in the scrubbers and thereby absorbs air. 

The speaker further reported on the tests conducted by nti 
which proved that rusting cannot take place without carbonic acid. 
An experiment which lasted for three months, in which oxygen 
which had been carefully freed of carbonic acid was led over 
polished iron, had shown that no rusting takes place. Finally, at 
the conclusion of the experiment, the apparatus was removed, 
and corrosion began in a quarter of an hour. The part here played 
by the carbonic acid was merely that of initiating the reaction, which, 
in the presence of oxygen, then continued. 

In the case of locomotive boilers which are fed with alkaline 
water the iron never rusts, but on the other hand the fire-box, stay- 
bolts, and stay-tubes, which are of copper, are severely attacked. 
Experiments have shown that the soda of the alkaline feed water, 
when subject to a pressure of 10 to 12 atmospheres, is partly 
transformed into soda-lye, which attacks the copper. These 
circumstances prove that, under the influence of pressure, soda 
can prevent rusting. 

Prof. E. Heyn answered that he must admit the possibility that 
the attack of the gasometer by rust might also be ascribable to 
the circumstance that gas had carried air along with it, for instance 
from the scrubbers. Prof. Heyn agreed with Mr. Grittner on the 
point that a solution of 4 to 5 kgs. of soda per m® of water does 
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not attack iron. In regard to the rust formation due to the influence 
of carbonic acid, as observed by Mr. Grittner, the speaker could not 
speak definitely, since he was not possessed of exact knowledge of 
the arrangements of the experiments in question; it might happen 
that the explanation could be found in these. At any rate the. ex- 
perience of Mr. Grittner contradicted all the observations which 
had been made in Gr.-Lichterfelde, all of these comfirming the 
proposition that the presence of carbonic acid is not a necessary 
condition for the formation of rust. He suggested that Mr. Grittner 
write down exactly the procedure followed in the experiment, so 
that it may be possible to check the results obtained with it. 


Commander B. Miinter here interrupted the discussion on the 
means for the prevention of rust, and adjourned the meeting till 
next day. 


2°94 Day’s Meeting, September 9, 1909. 


Commander B. Miinter opened the meeting at 9.80 a. m., and 
invited those present to continue the discussion on the means for 
the prevention of rust. 


He first called on Mr. E. Camerman to speak on his report: 


“A study of Rust-Preventing Points for Metal 
otructures”’ (XVI,). 


Mr. E. Camerman gave a brief summary of the contents of 
his report and of the studies discussed therein. In the course of his 
investigations Mr. Camerman had arrived at the following results: 

The paint to be used must consist of iron-minium which, to 
the exclusion of essence of turpentine, is to be stirred in boiled 
linseed oil. The determination of the amount of dryer to be 
added is to be left to the judgment of the man in charge of 
the work. 

Good results are likewise obtained if greater or smaller 
amounts of iron-minium are replaced by graphite. In this case the 
graphite must be pulverised to an extremely fine degree and must 
contain at least 55°/) of carbon. 

The determination of the amount of paint-powder to be 
stirred up with the linseed oil may be left to the discretion of 
the workman. 
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Mr. P. Decamps (Brussels) desired that the question as to 
the effect of galvanising and tinning as a protection against rust 
be more exactly determined by experiment, and made a proposal 
in this sense, on the strength of which a resolution was adopted 
as follows: 


‘The question of galvanising not yet having been 
“studied in the reports, the Congres desires to have 
“researches made as to galvanising and also to tin 
“SCOatling: . 


Mr. A. Grittner said he would like to supplement the ex- 
periments and observations made by Mr. Camerman with the 
results of his own experiments, in connection with which he 
stated that these latter were conducted in the open. The results 
of the experiments were summarised by the speaker as follows: 


1. Both the dryer and the turpentine exercised a detrimen- 
tal influence on the durability of the coating. The greater damage 
was done by the dryers, which are made almost entirely of 
resinous substances. 

2. The use of lithopone did not prove satisfactory in the 
open air. The coating developed cracks, and within a short time 
showed signs of weathering. Whether this weathering is a result 
of the oxidation of sulphide of zinc to sulphate of zinc, is a matter 
which should be investigated. 

3. Those colouring substances which form chemical combi- 
nations with linseed oil or oil-varnish, and take the forms of lead 
minium and litharge, behaved very well. 

4. It was a fact, that iron-minium, when pure and applied alone, 
gives very good results; when, however, another coat of paint is 
spread over it the extent of which is different from its own, it 
does not behave so well as lead-minium., 

5. A paint should never be examined alone, but different 
groundings should be covered by different second coatings, and. 
the effects observed. 


Mr. P. Joosting (Utrecht) said that several experiments 
made in Holland have shown climatic influences to have a great 
deal to do with the durability of a paint. Thus, for instance, the 
observation of Mr. Camerman, that iron-minium is better than 
lead-minium is not universally correct. Experiments made in Hol- 
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land, at any rate, have proved that iron-minium is unsuitable: as 
a second coating, for after the lapse of two years, it was com- 
pletely spoilt. : 

Mr. E. Camerman replied, that the cause of the spoiling 
perhaps lay in the dryer made use of, or perhaps in the cir- 
cumstance that the iron-minium applied was not pure. 

Since Mr. Cruikshank Smith (London) and Mr. S. S. Voor- 
hees (Washington) had not arrived, the Chairman, Commander 
Munier gave a brief summary of the work of these gentlemen, 
which was included in the “Communications and comprised 
Mr. J. Cruikshank Smith’s report: 


“A plea for International Investigation concerning Pro- 
tective Coatings for Iron and Steel“ (XVII,) 


and Mr. S. S. Voorhees’ report 
“On Preservative Coatings for Iron and Steel“ (XVII,). 


Mr. E. Camerman thought it would be desirable to have a 
committee for the study of the question of coatings for protection 
against rust. 


The Chairman desired Mr. Camerman to undertake the 
direction of the discussions, and proceeded to speak on the papers; 
he referred to the great importance attaching to the examination of 
the coating material which in particular was applied to the bottoms 
of iron vessels. Commander Munter called attention to the special 
circumstances which exercise influence in connection with the use 
of iron in reinforced concrete, and proposed a resolution which 
was adopted in the following form: 


“The Congress considers it highly desirable that 
“special attention be given to the question of keep- 
“ing clean the bottom of iron and steel ships, and 
“requested the Council to have this most important 
“question investigated. (Accepted.)“ 


Oils. 

Mr. E. Camerman (Brussels) demonstrated, on the basis of 
theoretical considerations, that, in regard to their chemical and 
physical properties, cylinder oils are very much alike, and that 
if any great differences existed between them, they depended 
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on the quantity of oil which remained fluid at the temperature 


prevailing in the cylinder, and which was not easily made to take 
the form of steam. 

For the determination of the absolute value of an oil the 
speaker made use of a distilling apparatus in which the tempe- 
rature gradually rises and the oil is carried away by the super- 
heated steam. 


In this distilling apparatus, as in all others, its own form, 


and dimensions, as well as, above all, the operator himself, exer- 


cised great influence on the final result of the experiment. 


The steam generated in a boiler A is superheated in B and 
acts on the oil which is contained in a flask that is also heated. 


The oil is carried away by the steam at a higher -or lower 
temperature according to its nature. The point is observed when 
this process begins, and from this time forward a mixture of oil 
and water is collected at the end of a cooling apparatus in a 
graduated tube in which separation takes place by reason of the 
difference in density. 

In this way the successive fractions — for instance from 
10 to 10° — can be obtained, and a table may be put together 
which gives the quantity of oil. carried away by the steam at each 
temperature. From this the quantity of the unvolatilised and therefore 
still effective oil at any given temperature may be determined. 


It is clear that an oil containing 80°/, of stable components 
is of greater value for cylinder lubrication than one containing 
only 40°/,. The observations of practical men confirm this. 


This apparatus has the disadvantage that it gives results 
differing very much one with another and not always agreeing with 
those of practice — according to the manner of working of the 
Operator, 

To remedy this evil Mr. Camerman’s assistant, Mr. Nicolas, 
had designed an apparatus as follows: 


It consists (see figure) of a steam generator A with a pressure 


gauge m and-a small safety valve s; further of a superheater B 
and of a cylindrical vessel C into which the heated steam enters 
through a pipe T. The lower part C of this vessel ends in a cone c 
the end of which is provided with a small cock R. The cylindrical 
part of the vessel C is separated from the conical part by a per- 
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forated plate P. The upper part is movable and is screwed into 
the cylindrical body. This movable part bears the steam-supply 
pipe IT and an exhaust-pipe 1". In front of the orifice of the pipe T’ 
is the bulb of a thermometer graduated up to 450°. The steam 
which escapes by T° is received into the refrigerator D. 

The oil is gradually introduced into the apparatus as follows: 

It is contained in a receptacle into which a volume determined 
by the mercury is made to flow through a pipe a. This displaces 
a volume exactly equal to that of the oil, which is thus driven back 
drop by drop through a pipe t into the exhaust steam pipe T. 

A gas regulator enables the flame of the burner to be maintained 
constant. | 

Assume that an oil is to be tested, say for use in.a cylinder with 
superheated steam of 300°. The cock on the pipet is still closed, 
and no oil has as yet been introduced; by means of suitable 
heating arrangements steam at a temperature of 300° is allowed 
to flow through the vessel C. This temperature once attained, it 
can, by means of the gas regulator, be maintained very regularly. 


The temperature of 300° once permanently established, the 
cock t is opened and the oil allowed to pass into the steam supply 
pipe. The oil is carried onward by the flow of the steam and 
divides itself. into two parts. One of the latter is carried by the 
steam into the refrigerator where the mixture of steam and oil is 
condensed; this is collected in a graduated syphon tube where the 
oil is separated from the water by the action of gravity. The second 
part remains in the cylindrical receptacle, collects in the lower 
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cone, and can be gradually drawn off by the help of the cock R 
and caught in a graduated receptacle. 


The part which passes through the condenser must, as regards 
lubrication purposes, be regarded as lost; for in the cylinder of a 
steam engine it corresponds exactly with that part of the oil which 
is transformed into the gaseous state by the escaping steam. 


To enable the tests made with the same products to give 
consistent results, and in order that such as are made with different 
products may admit of comparison one with another, it is of 
importance that the quantity at steam which passes through the 
receptacle C within a given time shall always remain the same. The 
quantity of oil remains the same, because the distributor is entirely 
independent of the apparatus. In order, however, that the quantity of 
steam which flows through the receptacle C may remain unaltered, 
it will suffice that the safety-valve on the steam generator opens at a 
pressure which is considered to be just sufficient to keep the desired 
quantity of steam in this vessel. The excess of steam is allowed to 
exhaust into the air. This safety-valve, if once for all adjusted, must 
accordingly blow off during the whole duration of the test. 


To enable a particular temperature to be attained, it is quite 
sufficient if the regulator be loaded at the outset with a given 
weight. Should the temperature corresponding with the weight on 
the regulator not be attained, this can be due only to the circum- 
stance that the supply of water is not sufficient for the normal 
working of the apparatus, whether because passages have 
become choked, or the superheater covered with soot, or any other 
such eventuality. To set the apparatus going again quickly, it is, 
therefore, only necessary to clean it. In spite of uniform heating of 
the normal quantity of steam, the temperature attained in the 
receptacle C is found to vary. Whether the apparatus is working 
properly, or not, is very soon noticed. Two litres of water 
are required for 50 cub. cm. of oil, and the duration of the test 
is 50 minutes. The maximum error is found to be 1°/). 


After the speaker had answered questions put by Messrs 
Jacobsen (Copenhagen) and Windfeld-Hansen (Copenhagen) 
in regard to the apparatus, the Chairman thanked Mr. Camerman 
for his very interesting communications. 
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Wood. 
Prof. W. K. Hatt (Lafayette) laid before the meeting his report: 


“Abstract. of Report on the Present Status of Timber 
Tests in the Forest Service, United States Department 
otis ticultines (4V 15). 


Prof. Hatt proposed that the Meeting adopt a resulution. to 
the effect that, in making tests on timber, not merely small, selected, 
test-samples should be examined, but also larger pieces of wood 
containing defects and structural irregularities such as are usually 
present in these. 


Mr. E, Camerman made a number of remarks and moved 
that the question be entrusted to a committee on timber. 

The Chairman, Commander Miinter, pointed out that the 
Committee on Timber had been dissolved. 


Prof. A. Martens approved the idea of tests made with 
large-sized test-samples proposed by Mr. Hatt, but observed that 
the expense connected with the carrying out of such tests was in 
general an obstacle to its realisation. 


Prof. H. I Hannover recalled the circumstance that this pro- 
posal was negatived at the Congress in Brussels. 


Prof. A. Martens proposed the following somewhat modified 
resolution: 


“The Congress recommends the appointment 
“ofacommittee on wood testing which has to commu- 
“nicate with the national societies existing in different 
“countries. This Committee has especially to examine 
“into the desirability of making wood tests on larger 
“nieces containing defects or variations in structural 
“form instead of limiting the tests to small perfect 
Spreces.* 


Prof. Fuji Tanaka (Tokio), with regard to the bending tests 
with wood, called attention to paragraph no. 37 of the method 
recommended by the IV‘ Congress for wood testing, which 
stated that the stresses are to be calculated according to 
the known bending formula, their values being accepted up to 
fracture. By the known bending formula was meant M=1}/, fbh? 
for beams of rectangular section; M bending moment, f, coefficient 
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of bending strength; b, breadth of beam; h, height of beam. 
This formula could be used for determining resistance to flexion 
provided that the stress induced up to fracture is proportional to 
the strain and “f“ constant. The tests however shewed that “f« 
was not at all constant, but was a function of “h“, and increased 
with a decrease in “h*. Tests on Keyaki (Japanese wood) had 
shown that in beams from 0.5 inch to 7 inches (13 to 178 mm) 
high, “f* varied between 17,290 and 8,750 lbs. per square inch, 
(1,210 to 615 kilogrammes per square centimetre). If “f* were 
taken as constant, the factor of safety introduced might in certain 
circumstances be a Very, low one, thus introducing a moment 
of risk. ; 


If rectangular beams were considered, the speaker recom- 
mended, on the basis of his investigations, anew formulaM=1/, f1bh. 
He had conducted a complete series of experiments with a large 
number of Japanese kinds of wood and had studied published 
data on severai European and American kinds, and he had deter- 
mined for each kind the respective values. of “fl and “n“; he 
handed to the Chairman several tables and diagrams. He added 
that the conditions of moisture had not been taken into conside- 
ration in the tests; he, however, proposed a series of values for 


use in every day practice, from which the following few have 


been taken: 


ES AS SE TE IS SE SST IS STRESS BT OT a 


fllbs. per sq. J 
Kind of wood n ‘ h inches 
inch 
ale aa ane ok te Tn dee eo ee 1.88 8,900 1,11—10,9 
Fir fromthe, Vosees- on aa 1.80 9,100 1,11—12,8 
Firjirom'Menie! yo wer eles at 1.83 10.500 LOseiag 
American lepruce fs . pecs eG 1.62 11,000 2,0 —13,5 


In scientific researches, the speaker added, the result had - 


of course, to be reduced to a given normal degree of moisture 
and to a given average specific gravity, in order to arrive at the 
exact values for “f!“ and “n“, 


He,. therefore, recommended that. the resistance to flexion of 
wood of rectangular section should be calculated according to the 
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formula M=1/,f!bh", and he expressed the hope that future 
bending tests would be carried out with a view to find out 
values for “f}“ and “n“. The result could then lead to a modifi- 
cation of § 37 for wood tests. 


The Chairman thanked the speaker for his interesting com- 
munication and propositions. 


Mr. Cl. Segré (Rome), who was unable to attend the discussion 
of the Section, presented (by proxy) a treatise on the testing of 
timber by the Italian State Railways. 


Third Day of Meeting, Friday, September 10%, 1909. 


Commander B. Miinter opened the meeting and called on Prof. 
S. Rejté (Budapest) to open the proceedings. 


Prof. S. Rejt6 (Budapest) referred to his report and observed 
that, in the testing of paper, attention is paid-to the length of 
fracture and to the percentage of elongation, instead of to high 
degrees of resistance. These two data, however, gave no clear pic- 
ture of the qualities necessary in a paper. Crumpling in the hand 
had accordingly been resorted to, a method which had now taken 
the place of bending tests made with the Schopper-machine. 


In order to determine the connection existing between the 
number of the foldings and the quality of the paper, he had first 
examined the effect of repeated applications of force in the longi- 
tudinal direction, and found that in this case the number of repe- 
titions depends on the tenacity as cardinal number, which cha- 
racterised the proportion borne by the tensile strength to the ten- 
sion produced by the force applied. 


Finally, the speaker had calculated the stress which: is_ set 
up in the surface fibres during the foldings made in the Schopper 
machine. It had transpired that, for papers the thicknesses of which 
lie between 0.04 and 0.11, the proportion borne by the tensile 
strength to the tension produced by the force applied was constant. 


For these reasons the choice of the number of repetitions in 
the Schopper machine depend only on the sum of the toughness 
and elasticity as cardinal number, the exponent of which was con- 
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stant. As soon as the internal work, which was illustrated by 
a diagram, is known, it becomes possible to calculate the num- 
ber of the foldings. In all cases in which the Schopper machine 
cannot be applied, it would be preferable to take the internal 
work also into consideration. 


Prof. Hinrichsen (Gr.-Lichterfelde) suggested that the Associa- 
tion also take the testing of ink into its programme. Ink had been 
subjected to test for some time in America and also in Denmark 
and tests of this kind had now been begun in Gr.-Lichter- 
felde also. 


Caoutchouc (XV,). 
Report on the 


“Contribution to the Question of the Mechanical Testing 
of Soft Rubber“ by K. Memmler and A. Schob (XV,). 


Prof. E. Heyn (Gr.-Lichterfelde) presented a report on the 
tests made at Gr.-Lichterfelde, on the strength of soft rubber. 
These tests were made with bars as well as with rings, and Prof. 
Heyn called attention to the instructive collection of fractured test- 
samples exhibited in the hall. Prof. Heyn moreover referred to a 
printed report which had been distributed to those present, and 
directed attention to various difficulties which attended the conduct 
of the tests, especially of those with bar-shaped samples-amonegst 
others, including the fixing of the test-samples. Prof. Heyn, accor- 
dingly, recommended the ring-test as the more reliable, and as 
easier to make. 


Prof. H. I. Hannover (Copenhagen) asked whether the cutting 
out of the samples did not present difficulties, because the knives 
easily become blunt and the samples thereby become damaged, 


Prof. E. Heyn observed that difficulties were formerly ex- 
perienced in the cutting out of the test samples, but that these 
had now been removed. | 


Prof. A. Martens (Gr.-Lichterfelde) was in agreement with 
Prof. Hannover in regard to the circumstance that a slight defect 
produced in the rubber by the knife exercised great influence on 
the result, and that the cutting out therefore required the greatest 
possible care. This of course bore reference both to the bars and 
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to the rings. In order to make sure, every single piece was measured 
afresh and compared with a template. Since in the cutting out of the 
test samples, the practice had been instituted of using a cardboard 
bed, the knives have lasted much better. 


Mr. A. Jacobsen (Copenhagen) pointed out that a rubber 
which had shown its excellence in the analysis, might behave badly 
enough in actual practice. The cause of this always is that the 
rubber has not been properly vulcanised. He had designed a small 
apparatus, for the purpose of determining by test, whether a rubber 
had sufficient elasticity, or whether it was plastic, a circumstance 
that was always due to insufficient vulcanisation. 


The apparatus consists of a pair of pointed tongs ending in 
hemispheres. By means of a spiral spring the hemispheres are 
pressed heavily against the very small rubber sample. The samples 
Goneist 01 Small discS Of about 5 mm. in thickness. If the 
whole apparatus be heated in a drying chest or in an autoclave, 
the balls make a smaller or greater permanent impression in the 
rubber samples, according as elasticity of the latter is greater or 
smaller. 


The main advantage of this apparatus consists in the circ- 
umstance that only very small pieces of rubber have to be made 
use of, and that the heating itself may, even under a considerable 
pressure of steam, be easily effected. Mr. Jacobsen believe that 
the apparatus is very suitable for manufacturers’ laboratories; at all 
events he had obtained good results with it. 


In practice it is quite impossible to cut out large regular 
pieces from objects that are to be tested. 


Prof A. Martens observed in reference to this that the apparatus 
mentioned by Mr. Jacobsen was in itself worthy of attention, but 
that laboratories were obliged to employ other methods of testing 
in order to obtain exact figures and to enable the resuits obtained 
at different testing centres to be compared. 


The subjects on the programme having all been dealt with, 
the Chairman, Commander Miinter, declared the proceedings closed, 
and thanked those present for the lively interest they had taken 
in the discussions, and for the valuable contributions, which had 
helped the solution of the questions under consideration. Com- 
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mander Munter thanked the secretaries for their excellent work 
and closed with the words: 


“You will certainly agree with me, Gentlemen, when I say 
that we have spent a few highly interesting hours, and that we 
have been present at a meeting which can well be termed a feast 
of intelligence. “ 


Mr. E. Camerman here rose to give expression to the thanks 
of the Meeting to the Chairman for the masterly way in which 
he had conducted the proceedings. This met with the lively 
approbation of the Meeting. ) | 
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Second General Meeting. Saturday September 11*- 


Held in the large Festive Room at the Townhall. 
_ Meeting opened at 10 a, m. 


President Mr. Foss, opened the sitting by saying that he 
had addressed, in the name of members of the Congress to His 
Royal Highness the Crown Prince at Lyngby, the following 
telegramme: 


“The Fifth Congress for the Testing of Materials has the 
“Honour to give Your Royal Highness their most sincere 
“thanks for the distinction you have conferred on the Congress 
“by undertaking to be its Honorary President, also for the 
“interest you have extended to the work of the Congress, as 
“expressed by Your Royal Highness at the opening meeting. 
“(Signed) The President of Congress: Alex. Foss.” 


The following reply was handed in: 


“Lyngby, September 12% 1909. Engineer Foss. | beg you 
“to give the Members of Congress my heartiest thanks and 
“salutations. | hope that besides business results, they will carry 
“away with them also good recollections of their stay in 
“Denmark. Crown Prince Christian.’ (Cheers.) 


President Foss, stated that by reason of the publication 
of a journal by the Association, an alteration in the Rules was 
called for and he put forward the following motion for approval: 

“Since the ‘Baumaterialienkunde‘ has ceased to 
“appear, since also the Council send the Proceedings 
“gratis to every member, the reference in Paragraph 6 
“of the Rules: ‘Against payment of the price agreed upon' 
“is to be struck out, together with the footnote." (Approved.) 

The President further added that the present income of the 
Association was no longer sufficient to place it in a satisfactory 
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financial position for enabling it to meet its increased activity 
which was evidenced more particularly by the publication of the 
Proceedings in the three languages. The Council, therefore, had 
taken upon themselves, as the Rules enabled them so to do, to 
raise each member’s contribution from 7:50 to 10 francs, as 
from January 18 1910. Seeing, however, that this increase, even 
by working on lines of the strictest economy, would not suffice 
to meet the heavy outlays incumbent upon the Association, the 
Council had seen fit to put the following motion, the approval 
of which was asked for: 


In consideration of the great importance of the work 
of the International Association for Testing Materials for 
the public security, and in consideration of the necessity 
to make their work as widely known as possible and to 
place the finances of the Association upon a more Satis- 
factory basis, the Congress decides to authorise the 
Council to call the attention of governments, public 
bodies and scientific and industrial undertakings to the 
work of the International Association hoping to induce 
them to manifest their interest therein by giving financial 
Support. 

The resolution was heartily approved. 


Hereupon the President asked the Chairmen of the three 
sections to communicate to the Congress the motions passed in 
each Section. 


Director O. Busse, Chairman of Section A, put the follo- 
wing resolutions before the meeting and asked for their approval. 
The resolutions were read one after the other and were approved. 


Metals. 
Metallography. 

In pursuance of the communication of Mr. Rosenhain in. 
which is emphasised the importance of the question of slag en- 
closures in metallurgical products the Congress recommends the 
appointment of a Commission for the purpose of studying methods 
for determining the enclosures, their influence upon the mechanical 
properties of metallurgical products and for the study of this question 
in the whole. 
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Hardness Tests. 


The Congress requests the Council to arrange that the next 
congress, in conjunction with the problem of the determination 
of hardness by ball or cone pressure-tests, receive reports on uni- 
form tests for the resistance of materials to mechanical wear, 
and that the council consider the advisability of referring the 
problem to a committee. 


Impact Tests. 


A. In order to facilitate the comparison of results of impact 
bending tests on notched bars the Congress recommends the 
observation of the following rules, unless circumstances prevent. 

1. The notched bar impact test permits the determination of 
the specific work of rupture or resilience referred to the sq. centi- 
metre of the notched section. 


2. a) The bars cut to sufficient length have the following 
dimensions: 3030160 mm. They are notched to a depth of 
15 mm. The bottom of the notch bar is cylindrical of 2 mm radius. 

b) For rolled materials such as plates, the bars have the same 
thickness as the plate, the skin being preserved, and a width of 
30 mm. They are notched to a depth of 15 mm. The notch is 
perpendicular to the surface of rolling and has a cylindrical 
bottom of a radius of 2 mm. 

c) For pieces which do not permit the use of bars 30 X 30 mm 
in section the bars are 10 X10 mm. They are notched to a depth of 
5 mm. The bottom of the notch is cylindrical with a radius of ?/; mm. 

_d) The size of the bars used is always to be recorded. 

8. In the combined bending and impact tests the impact of 
the tup is applied at the centre of the bar on the opposite side 
to the notch, the tup having a knife edge, rounded to a radius of 
2mm. They rest on knife edges spaced 120 mm apart in the case 
of types a) and b) and 40 mm in the case of type c). 

4. The rupture of the bar shall be effected by a single blow 
by means of an apparatus which enables the work done in fracture 
to be measured. 

5. The temperature should be as nearly as possible between 
15 and 25 degrees C. and shall, in all cases, be noted with the 
results of the tests. 
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B. The Congress recommends that a Committee be appointed 
to collate all the results which permit the establishment of relations 
between the properties, brought out by the tests, and the behaviour 
of the pieces in service, and that this committee also study the 
comparison of the various apparatus. 


Alternating Stresses. 


The Congress takes note of the reports presented, with best 
thanks to the authors. 


Cast Iron. 


The Congress recommends to refer the problem of methods 
for testing cast iron (dealt with by Committee 25) to Committee I. 


Influence of high Temperature on Mechanical Qualities 
of Metals. 


The Congress takes note of the excellent report by Professor 
Rudeloff and warmly thanks him for it. 


Electric and Magnetic Properties in Testing Metals. 


The Congress recommends the nomination of a committee 
for studying the use of the electric and magnetic properties of 
metals in testing metals. 


International Specifications for Iron and Steel. 


The Vth International Congress welcomes the work of Sub- 
Committee Ia, approves in general of the principles laid down in 
Congress report VII],, and resolves: Committee I and Sub-Com- 
mittee Ia, are invited to continue their valuable labours in co- 
operation with the National Societies and, if possible, to lay before 
the VIth Congress definite proposals as to the basis of International 
specifications for iron and steel. 


Pig Iron. 


For the purpose of defining more accurately the quality of 
Pig Iron than is possible by the present method of grading by 
fracture appearance, the Congress recommends that Committee I 
(Sub-Committee Ia) be instructed to inquire in the various countries 


— 194 — 


Second General Meeting. 


concerned as to how far specification on analysis may be usefully 
substituted for the present method of grading by fracture appearance 
and that they be authorised to take such steps as they may deem 
advisable to give effect to this resolution. 


Nomenclature of Iron and Steel. 

The Congress takes note of the report of Committee 24 upon 
Nomenclature of iron and steel and expresses their warmest thanks 
to this Committee for their work. They recommend that the com- 
mittee remain in function and that they prepare for the next con- 
gress a revision of their proposals for uniform nomenclature taking 
account of the further progress in metallurgy and of any suggestion 
which may be received from the National Societies for Testing 
Materials. The Congress approves of the list presented by Prom 


| dH. Le Chatelier, of definitions of the constituents of steel. 


Specifications for Copper. 

The Congress expresses its best thanks for the work of the 
Committee on Copper and approves of the proposal of the Committee 
to extend the scope of their work so as to include the study of 
specifications for copper alloys. 


Standards for Wrought Iron Pipes. 

The Congress takes note with thanks of the valuable report 
of Mr. Karsten on the specifications for wrought Iron Pipes and 
refers it to Committee I for examination and for reporting to 
the next Congress excluding the thread question. 


Captain Grut, Chairman of Section B, read the following 
resolutions for acceptance; they were approved. 

Before reading the resolution on the constancy of volume 
of cements Captain Grut remarked that this resolution had been 
approved in the section with the reservation of the members from 
Germany. He further stated that the point referred to in the 
resolution on normal sand would be dealt with by Committee 42: 


Cement, Stones, Concrete. 
Reinforced Concrete. 
The Congress thanks Committee 41 for the work already 
done, invites it to proceed upon the lines described by Professor 


13 
— 19 — 


Second General Meeting, 


Schtile, and expresses the wish that the Committee be financially 
supported by interested institutions and authorities. 


Testing Cements by Prisms. . 


The Congress thanks Committee 42 for the work already 
performed and recommends it to continue its investigations on the 
same lines with due regard to the results obtained by the Hungarian 
committee, to which the Congress expresses its warmest thanks. The 
Congress expects that the Committee will be able to lay before 
the next congress proposals for a definite method of using plastic 
mortars for the testing of cement. 


Constancy of Volume. 


The Congress decides to recommend the method of Le 
Chatelier as the standard accelerated test for the constancy of 
volume of cements!). 


Accelerated Test of the Strength of Cements. 


The results of the numerous hot-water tests are so contra- 
dictory, that this test appears too unreliable to admit of its being 
employed for rapid tests made in order to determine the strength 
of hydraulic cements. 

Under these circumstances, the Congress does not recommend 
further to pursue the question of the applicability of the hot-water 
test for rapid tests of the strength of hydraulic cements. 

On the other hand the experiments of Mr. Deval have once 
more demonstrated, how valuable this test may be with regard 
to the constancy of volume. 


Finest Particles in Cement. 
The Congress begs Committee 30 to continue its work on 
the adopted lines and to report the results to the next Congress. 
Methods recommended by the IVth Congress. 


The Congress modifies § 3.c concerning the methods 
recommended at the Brussels Congress for cement to run as follows: 


1) Adopted with the reservation of the members from Germany. 
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A conical ring, 7,5 cm in diameter at the base, 8,5 cm at the 
top and 4 cm deep, placed on a glass plate, is quick filled 
with the paste, and the excess is struck off with the trowel, pressure 
on the paste and agitation being avoided. 


Gypsum. 


The Congress resolves to leave the question of specification 
for Gypsum to the next congress. 


Puzzolana. 


The Congress leaves the question of the testing of Puzzolanas 
LO nthe Nextconeress. 


Standard Sand. 


A Committee is appointed to investigate, whether or not an 
international standard*>sand be possible, and if not to secure in- 
formation showing the comparative value of the different national 
standard sands). 


Cement in Sea Water. 


The Congress recommends the appointment of asmall committee: 

a) in order to obtain by December 1910 any additional in- 
formation or supplements to the reports presented at the Congress 
of Copenhagen, they may require, 

b) to summarise these reports and supplements and to present 
the summary of the results in a brief form to the next congress, 

c) to collect information on the effect of seawater on structures 
of more than 25 years’ standing, made of Portland cement, 

d) to arrange for certain tests (as proposed by Mr. Leduc) on 
the effect of seawater on specially prepared cement. 


Weathering of Building Stones. 


A committee is to be formed for the purpose of investigating 
the influence of the composition of the mortar and the quality of 
the building stone on the weathering of the masonry. 


1) Committee 42 is entrusted with studying this matter. 
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Commander Minter, Chairman of Section C, put the 
following resolutions of section C; these were approved: 


Sundries. 


Wood. 

The Congress recommends the appointment of a committee on 
wood testing which is to communicate with the national societies 
existing in different countries. This committee is especially to 
examine the desirability of making wood tests on larger pieces 
containing defects or variations in structural form instead of limiting 
the tests to small perfect pieces. 


Paints. 
(Proposal by Mr. Dechamps.) 

The question of galvanisation not having been studied yet 
in the reports, the Congress desires that researches be made con- 
cerning galvanisation, Tinning included. 

(Proposal by Mr. Munter). 

The Congress considers it highly desirable that special attention 
be given to the question of keeping the bottom of iron and steel 
ships clean and requests the Council to have this most important 
question investigated. 

President Foss, then asked the auditors to report upon 
the accounts. | | 

Mr. Bienfait read the following report: 

“The undersigned auditors have compared the ex- 
“penditure and receipts of the Association for the period 
“from January 18 1906 to December 815 1908-with the 
“books of the Central Office; they have also examined 
“these books for the further period up to September 1* 
“1909, and have found everything correct. The cash in 
“hand at the Central Office on September 15 1909 
“amounted to 8952°30 crowns which, according to the 
“statement of the Allgemeine Depositenbank, Wien, was 
“lying at that Bank. The auditors ask the President for 
“their discharge and move avote of thanks to the General 
“Secretary for his careful administration.“ 

Signed: 
Bieniaty Granfelt, Cun 
(The motion was approved.) 
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The President then brought forward the question of 
selecting the place and date for the next Congress and 
informed the Meeting that two invitations had been received. The 
American Society for Testing Materials through its Chairman. 
Mr. Ch. B. Dudley, had extended an invitation for the VI Congress 
of 1912 and the Russian Government, through H. E. Dr. Bele- 
lubsky, had invited the Association for the VII" Congress. The 
Council had dealt with both invitations and had met the feelings 
of the Congress by having already expressed their warmest thanks 
for both the said invitations. The President then put the following 
motion before the Meeting. 


The Congress decides to hold the VI Congress of 
the invitation of the American Society for Testing 
Materials in the United States ofAmerica in Autumn 1912. 

(Enthousiastic applause.) 


The Congress accepts with warm thanks the invita- 
tion of the Russian Government presented by His Exc, 
Prof. Belelubsky to hold the VII Congress in 5t. Petersburg: 

(cheers, applause.) 


President Foss noted with pleasure the unanimity and the 
cheers with which both motions had been approved and especially 
the cordiality with which the invitation from the American Society 
for the next Congress had been received. It was true that many 
Members would find it difficult to spare the time for such a long 
journey, but no one would fail to recognise the great importance 
which attached to the close collaboration of the American and the 
European scientific world for achieving complete accord in interests 
and in scientific problems. The friendly invitation of the American 
Society afforded a proof that the American Members were animated 
with the desire to come into closer contact with the European 
Members. He (the President) believed, therefore that he would 
express the wish of all present by coupling to the unanimous 
acceptance of the American invitation this highly gratifying proot 
which had been afforded of a closer communion between the two 
parts of the world. (Hear, hear and cheers.) 


Thereupon the President put before the Meeting the motion 
to the effect that Dr. Ch. B. Dudley, Chairman of the American 
Society for Testing Materials and a highly esteemed American 
Chemist be appointed President of the Association. 

(Enthusiastic applause.) 
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President Foss, then addressing Dr. Dudley, said: “You see 
now, dear Mr. Dudley, the friendliness with which your nomination 
has been received.” 


Dr.Ch.B. Dudley: “Gentlemen! Pardon, that Ispeak now only in 
English, before the next Congress I hope to do better. I thank 
you from the bottom of my heart for this great honor. I have 
spent my life in testing, and now as I approach the end of my 
work, you have conferred on me the Presidency of this international 
body of testing engineers, which I cannot but regard as the greatest 
honor that has ever come to me. 

With regard to the next Congress, I will only say now that 
we shall do our best to make it a success, and if we succeed 
as well as our Danish friends have done, under the leadership of 
our President who is just leaving us, | am sure you will be more 
than satisfied.” | (Enthousiastic applause.) 

His Exc. Dr. N. Belelubsky thanked the meeting for 
the cordiality with which the invitation to the VII'® Congress in 
st. Petersburg had been accepted. The Representatives of the 
Russian Government and the other Russian members of the Inter- 
national Association hoped and wished that this invitation should 
be followed with complete success, and he assured the meeting 
that their Russian colleagues would do their utmost to arrange the 
programme and the preparatory work so as to have a thoroughly 
satisfactory Congress. (Cheers.) 


President Foss then read the following letter which had just 
been handed to him, and which was addressed by the pat 
Ambassador in Copenhagen, to Mr. W. R. Webster: 


“Dear Sir, Referring to our to-day’s conversation, I beg to 
“inform the President of the International Association of Testing 
“Materials that if it is decided to hold the next Congress in the 
“United States, it will give me much pleasure to inform my 
“Government immediately of the fact and to ask them that they 
“facilitate matters as much as possible so that members may find 
“their visit both interesting and profitable. 


Yours truly, 


Signed: Maurice Francis Egan, 
Ambassador.“ 


(Cheers.) 
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The President then gave the names of the Members of Council. 
He stated the very great loss the Association had sustained by 
the decease of the Council Member for Great Britain, Mr. Bennett 
H. Brough, who by his very great activity had so much furthered 
the cause of the Association in that Country. He asked the Members 
to stand in their place to show the deep regret that: was felt at 
his death. (The members rose and stood for a moment in solemn 
silence). Mr. G. C. Lloyd, Secretary of the Iron and Steel Insti- 
tute, had been appointed upon the Council by the British Members 
and the President gave him a cordial welcome. 

Ministerialrat C. von Banovits, Hungary, after many years 
of valuable service for the Association had been compelled, by 
reasons of health, to relinquish his post on the Council. Hofrat 
Professor A. Rejt6 had been appointed in his stead. The prov- 
isional appointment of Director J. O. Roos af Hjelmsater who 
acted for Mr. G. Dillner, the latter's time being fully taken up 
— had been made final, Mr. Roos having been voted unanimously 
on the Council. The President also cordially welcomed these two 
Gentlemen. The new list therefore was as follows: 


Permanent Member of Council: 


Dr. techn. Franz Berger, k. k. Sektionschef im Ministerium ftir 
Offentliche Arbeiten, Stadtbaudirektor a. D., Vienna. 


Elected Mernbers of Council: 


Belgium: Mr. A. Gre/jner, Directeur Général de la Société John 
Cockerill, Seraing. 

Denmark: Mr. H. /. Hannover, Professor eae Technical High 
School and Director of the Government Testing Labora- 
tory, Copenhagen. 

Germany: Dr. Ing. A. Martens, Professor, Geh. Ober-Regierungsrat, 
Mitglied der kgl. Akademie der Wissenschaften zu 
Berlin, Direktor des kgl. Materialprufungsamtes, 
Gr.-Lichterfelde. 

France: Mr. A. Mesnager, Ingénieur en Chef des Ponts et 
Chaussées, Directeur des Laboratoires a l’Ecole des 
Ponts et Chaussées, Paris. 

Great Britain: Mr. G. C. Lioyd, Secretary to the Iron and Steel 
Institute, London, S. W. 
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Holland: Mr. L. Bienfait, Engineer, Partner in the Firm Koning 
and Bienfait, Amsterdamm ) 

Italy: Mr. J. Benetti, Ingénieur, Professeur et Directeur de) cole 
R. d’application pour les Ingénieurs, Bologna. 

Norway: Mr. S. A. Lund, Section Engineer at the General Mana- 
gement Offices, Norwegian State Railways, Christiania. 

Austria: Mr. B. Kirsch, k, k. 0.-6. Professor und Vorstand des 
mech.-techn. Laboratoriums der techn Hochschule, Wien. 

Roumania: Mr. Constantin M. Minoresco, Inspecteur Général. 
Directeur de l’Ecole des Ponts et Chaussées, Bucarest. 

Russia: Dr. Ing. N. Belelubsky, Exz., Geh. Rat, Mitglied des 
Ingenieurrates im kais. Wegebau-Ministerium, em. Prof. 
Direktor des mechan. Laboratoriums am kKais. Institut 
fur Wegebau-Ingenieure in St. Petersburg. 

Sweden: Mr. J. O. Roos af Hjelmsater, Director of the Material 
Testing Laboratory, Royal Technical High School, 
Stockholm. 

Switzerland: Mr. F. Schiile, Professor at the Federal Politech- 
nikum, Director of the Federal Testing Laboratory, Zurich. 

Spain: Mr. J. Marva y Mayer, General du Génie, Chef de Section 
au Ministere de la Guerre, de l’'Académie Royale des 
Sciences exactes, physiques et naturelles, Madrid. 

Hungary: Hofrat Prof. A. Rejt6, Technical High School, Budapest. 

United States of America: Dr. Chas. B. Dudley, Chemist, 
Pennsylvania Railroad, Altoona, Pa, 


The following Gentlemen have kindly promised to continue 
to act for the Council in their respective Countries: . 


Australia: Mr. W.. H.. Warren, M. Inst.” @.\ EF.) <Mioe ies 
C. E, Challis Professor of Engineering, University of 
Sydney.!) 

Finland: Mr. A. Granfe/t, Director of the Finland State Railways, 
Helsingfors. 

Luxemburg: Mr. &. Bian, Directeur des Usines de Dommel- 
dange et des Forges d’Eich, Dommeldingen. 


1) While drawing up this report, the gratifying news was received from 
Australia to the effect that the necessary number of members (20) giving the 
right of appointing a member of Council had been exceeded, and that Prof. W. 
H, Warren, of Sydney University, had now been elected full member of Council. 
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Portugal: Mr J. da P. Castanheiro das Neves, Ingénieur, 
Directeur des Etudes et Essais des Matériaux de 
Construction, Lisbon. | 

servia: Mr. M4. Milasinovic, Vice-Director of the Royal Servian 
State Railways, Belgrade 


Dr. Franz Berger thought it a pleasant duty to give ex- 
pression to the warmest thanks of every member present for the 
way in which the Congress, now coming to a close, had been 
carried through. They all were most grateful to the Copenhagen 
Organizing Committee, for the latter had not only thoroughly pre- 
pared the ground for the scientific work, but had also included 
most pleasing and instructive items in the programme. He bore 
in his mind first of all the Chairmen of the various Sections and 
the Secretaries, who had been most completely devoted to their 
work. Before everyone, however, the thanked their retiring President, 
Mr. Foss (Applause.) The cheers with which the meeting had just 
received his words, dispensed him from saying more; he would 
only add that the Council in their last deliberation, held just before 
the opening of this last meeting, had made use of the rights con- 
ferred upon them by the Rules and had conferred upon Mr. Fof 
the greatest honour that was in their gift. They had appointed 
him a Permanent Honorary Member of Council. He (the speaker) 
wished to announce this to the Meeting, and renewed his cordial 
thanks for all that had been done for them. (Applause.) 

Mr. Greiner called attention to the most admirable organi- 
sation which had governed all items, and to the smoothness with 
which the business portions of the programme and the excursions 
and visits had all been carried out. The work that such an or- 
ganisation required on the part of the Chairmen of Sections and 
of local Committees could not be overstated. He reminded the mem- 
bers that at the last moment, when everything had been tully 
prepared, the place for holding the meetings was altered from 
Parliament House to the Town Hall. He also invited the members 
to thank the various Chairmen and especially President Foss for 
the great pains they had taken, and for the remarkable way in 
which they had managed everything. He also desired to repeat 
in French the statement which Dr. Berger had made in German, 
to the effect that the Council had appointed Mr. Foss permanent 
-Honorary Member of Council. (Applause.) 
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Mr. Wm. R. Webster thanked the General Secretary for the 
great care which he had devoted to his Secretarial duties and 
especially for his splendid work in regard to the preparation of the 
Congress papers. (Applause.) 

Mr. G C. Lloyd, as representative of the British Members, 
confirmed what had fallen from the previous speakers. The Congress 
had been a most successful one, he might also say the most suc- 
cessful one that had ever been held. Under the guidance of their 
President, they had done much good work; they had, besides, 
spent a most enjoyable time.. He added his thanks to those of 
the other speakers. (Cheers.) 

President Foss returned thanks for the kind words that had 
just been spoken. He hoped all the members would carry away 
with them a good impression of Copenhagen; he accepted the. 
distinction which had been conferred upon him by the Council, 
which he considered also as a compliment to his Danish friends 
who, like him, had.done all that lay in their power to achieve 
success for the Congress. He thought it his duty to state that if 
this Congress had shown progress, and if matters had turned out 
more satisfactory than had perhaps been possible on former oc- 
casions it was in a large measure due to the new arrangement 
made, namely, to the publication of the papers. He therefore con- 
firmed what Mr. Webster had said and gave his warmest thanks 
to the General Secretary for the great care he had devoted to this 
work. (Applause.) 

Mr. Stead who was received with cheers handed in his paper 
to the meeting after President Foss had thanked the Town authorities 
for their kindness in allowing the use of their magnificent hall. 

His paper, which was illustrated by a number of admirably 
prepared lantern slides, read as follows. 
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Lecture by Mr. J. E. Stead on microscopy and macroscopy 
in the workshop and foundry. 


After a brief reference to the death of Dr. Sorby, the pioneer 
of metallography, through which the whole scientific world had 
sustained a severe loss, Mr. Stead presented the views expressed 
by a number of British manufacturers on the value of the microscope 
in investigating metals. 


In some copper and brass factories the microscope had proved 
invaluable. Mr. Tomlinson, manager of the Broughton Copper 
Company, wrote that indirectly it was useful, because one could 
with its aid detect in metals certain defects caused, for instance, 
by overheating, and this damage might be traced to some prior 
annealing or other heating operation. Cases often arose when the 
expense and time taken by a chemical analysis had been saved, 
as the microscope afforded a rapid means of deciding approximately 
the composition of metals and alloys. The Royal Gun and Carriage 
Factories, Woolwich, reported that the microscopic examination of 
brass was a matter of daily routine. The Consett Iron Company, Ltd., 
stated that the microscope was regularly used in all cases where 
ordinary analysis failed to yield satisfactory explanation, and more 
extended research was necessary. According to the report of the 
Wigan Coal and Iron Company, Ltd., the microscope was regarded 
in their works as a necessary adjunct to the chemical and metal- 
lurgical work in the laboratory. In the Crewe shops of the London 
and North-Western Railway it was said that it would appear from 
microscopical investigations that it was possible to discover the 
qualities of metals even better than by either mechanical tests or 
chemical analysis, within certain limits Messrs. Thomas Firth & 
Sons, Ltd., expressed the opinion that before practical everyday 
use could be made of the microscope, the meaning of the terms 
‘and the reactions of the substances they represented must be 
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learned by practical experiment and observation. Messrs. D. Colville 
& Sons, Ltd., reported that they found the microscope of very 
great assistance in everyday work. Messrs. Vickers, Sons & Maxim, 
Ltd., stated that the microscope was in constant use in connection 
with the heat treatment of the various alloy steels used in gun 
and armour-plate manufacture, &c. It had been found to be most 
useful both as a guide indicating correct heat treatment and as a 
means of ascertaining whether the treatment ordered had actually 
been carried out. A metallurgical investigation laboratory had been 
in active operation for some. years at the Sheffield works of the 
company, and in it the microscope had been very extensively used 
in researches bearing upon the special classes of steel whose manu- 
facture had presented difficulties. 

Messrs. Cammell, Laird & Co., Ltd., stated that, if a casting 
was to be subjected to subsequent costly machining, or complicated 
heat treatment, a preliminary micro-examination was sometimes 
found useful, although even in those cases the examination of a 
large etched section by means of the hand magnifier was usually 
more successful. In the great majority of cases the microscope was 
employed, not to discover defects, but to investigate the origin and 
determine the particular stage at which they were produced. For the 
latter purpose microscopic methods were absolutely indispensable. ') 

Those were typical examples of replies received from British 
manufacturers. There were few large industrial works where micro- 
scopic examination was not regarded as essential, and if works 
had not microscopic equipment they obtained outside professional 
assistance. In every college and technical institution in Great Britain 
where metallurgy was taught, students were instructed how to use 
the microscope for the purpose of obtaining knowledge of the 
structure of metals and alloys. 

He had obtained from many well-known investigators of 
European and American fame who were interested in the application 
of the microscope, information of which the following is, a brief 
summary: 

With regard to France Mr. P. Pellin had furnished a list of 
manufactories, numbering seventy, in which the microscope had 


1) Messrs, The North Eastern Steel Co., Ltd., and Messrs. The South 
Durham Steel and Iron & Co., Ltd. have used the microscope with great 
advantage in checking tne heat treatment and mechanical working of steel. 
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been found to be an assistance to more efficient practice. Mr. Le 
Chatelier, whose admirable microscope was used throughout 
France, stated that considerable installations were in use at the 
works of De Dion-Bouton, under the management of Mr. Guillet; 
at the works of Saint Jacques at Montlucgon, the director of which 
is Mr. Charpy; and at the steelworks at Creusot, under the 
management of Mr. Harmet. 

Dr. Carl Benedicks stated that in Sweden, up to the present 
time, the microscope had been mainly used in connection with tool 
and special steels. Metallography, as a routine science, had not 
been employed to a great extent. Captain N. Beraieff communicated 
some very interesting information as to the use of the microscope 
for very many years by Anossoff, and later by Tschernoff, 
Rjechotarsky, and at many of the steelworks in Russia. 


In Belgium, at the works of the Société Anonyme Fabrique 
Nationale d’Armes de Guerre and Societe Anonyme des Ateliers 
Germain, the microscope was in regular use. At the first-named 
works, the Le Chatelier microscope had been an indispensable 
necessity in the examination of all polishable metals, although for 
industrial purposes its use could only be said to be limited. La 
Société des Ateliers Germain reported that the microscope was of 
special service for the discovery of causes leading to fracture of 
metals used in motor car construction. In Spain, at the Trubia 
Gun Factory, the microscope was extensively applied to practical 
purpose for the examination of ordinary and special steels, alloys, 
brass, bronzes, &c. It was interesting to note that it had been 
suggested that in every test of brass for cartridges the micro- 
graphical investigations should be adopted. 

In America, Mr. Albert Sauveur stated that he had information 
of the use of the microscope in 134 large industrial concerns, 92 of 
which were steelworks, 16 non-ferrous metallurgical plants, and 
26 miscellaneous industries or concerns, such as railroad companies, 
&c. The application of the microscope was taught in twenty-eight 
‘technical institutions. On the authority of Dr. Wust, very many 
works in Germany and other countries used the microscope as an 
aid to their work. 

The method of auto-sulphur printing, first discovered by 
Prof. Heyn and applied by him and by his assistant, Prof); Bauer, 
and afterwards modified by Prof. Baumann, if properly applied, 
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was most useful in foundry practice. This method had been more 
usually applied for the detection of local and axial segregation of 
sulphur in steel, but it was capable of showing approximately the 
amount of sulphur in cast iron. As phosphorus in cast iron existed 
in isolated masses of phospho-iron eutectic, and as the amount of 
these masses bore a close relation to the percentage of phosphorus 
present in pig iron, an approximate estimate of the element actually 
present might be made by examining polished and etched sections 
of grey pig irons. It was well known that the amount of combined 
carbon in steels could be estimated with a fair degree of accuracy 
by microscopic examination; it was almost as easy to estimate the 
amount of combined carbon in grey cast iron or in grey pig irons. 
The importance of this fact to the foundry foreman was very great. 

The macro- and micro-structure of steel castings was of great 
importance to the steel-founder. He could readily locate segregations, 
and determine whether the sulphur was relatively high or low, by 
the auto-sulphur printing process. He could check the work done 
in the annealing furnace, and determine, by the examination of 
pieces cut out from the casting, whether the annealing temperature 
had been too high or too low, and whether or not the castings 
had been annealed. 


In foundry practice, where the facings of the moulds consisted 
of a graphitic mixture, the outer envelope of the steel in contact 
with the mould itself was usually higher in carbon than the mass 
of the metal. When the annealing had been properly done, the 
envelope was completely decarburised, and the castings sheathed 
in a thin covering of carbonless iron or ferrite. This decarburised 
layer varied in thickness with the time and temperature, and with 
the percentage of carbon in the steel. In steels containing about 
0°30°/, to 0°35"/, carbon, it was sometimes only 0°05 mm in thickness 
when the castings were small, and as much as 1 mm in large 
castings. In unannealed steels the ferrite envelope was almost 
invariably absent. The altered microstructure of the mass of steel 
produced by annealing, as compared with the “casting structure”, 
was usually sufficient to enable one to say whether the steel had 
been annealed, but not if the temperature of annealing had been 
excessive, and 1t was in such cases that the decarburised envelope 
had to be looked for. A thick ferrite envelope and a coarse granular 
structure of the pearlite in the steel itself were indicative of annealing 
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at excessive temperatures. The presence of granular pearlite indicated 
clear evidence of prolonged annealing at temperatures between 
750° C. and 650° C., and steel in this condition was usually very 
_ soft. When the annealing was done by heating to between 850° C. 
and 900° C., and the steel was removed from the furnace and cooled 
in the air, the pearlite was nearly always of the lamellar variety. 

It was now a common practice to improve the surfaces of 
defective steel castings by electrically melting and filling blowholes 
with iron or steel. It was recognised in important work that the 
castings should be annealed after electric welding. Etching with 
20°/, nitric acid after rough polishing would show at once whether 
electrically welded steel had been annealed or not, for, if not, the 
steel surrounding the weld always consisted of either martensite, 
troostite, or sorbite, and each of these gave a dark stain on 
application of the strong reagent, whilst the iron melted electrically 
and used to fill the cavities was always in the form of ferrite, and 
remained white after etching, 


This etching method was, therefore, most valuable, for it 
enabled the works inspector or engineer to determine on the finished 
work the areas welded, and whether or not the steel had been 
annealed after welding. Annealing not only changed the troostite, &c., 
into pearlite, but removed the strains set up by the excessive 
local heating. 

In the manufacture of malleable castings, the microscope was 
useful in determining to what extent decarburisation had taken 
place, and whether there was anything abnormal in the structure 
of the metal. There was no better means of controlling the workmen 
who were responsible for the proper case-hardening of iron and 
steel than by the use of the microscope. Sections of case-hardened 
material after polishing and etching indicated with certainty the 
depth to which the carbon had penetrated the metal. 

Many so-called mysterious failures of boiler and other structures 
had been explained by the use of the microscope. In most of them 
fracture had been proved to have been initiated by maltreatment 
of the steel when cold. The steel had been found to be crushed, 
the ferrite grains flattened, and the metal made most tender. In 
four cases at least of boiler failure maltreatment had been proved to 
have been the cause. The auto-sulphur prints obtained from sections 
of steel billets enabled the manufacturer readily to detect serious 
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segregation, and: the’ same method could be used for detecting 
segregation in wire rods and even in the finished wire. 

The microscopic examination of wires also was useful, and 
particularly so in the case of wires and wire ropes which had 


failed during use and in the course of manufacture. It had been ~ 


noticed that wires which contained definite proportions of fine 
micro strings of foreign matters, such as cinder, oxides, or sulphide 
of manganese, were incapable of standing the torsion test, and 
sometimes broke up during the pickling process. after the wire rods 
had been patented or “tempered”’. 

The microscope was also useful in ascertaining whether or 
not the rods had been evenly tempered. It occasionally happened 
that in patenting high carbon rods 0°75°/, to 0°95°/, portions of the 
steel actually contained free martensite, or, as some called it, hardenite, 
and when martensite was present, “drawing”? was impossible. On 
polishing longitudinal sections and etching with picric acid in alcohol 
or other suitable reagent, the martensite remained white on a ground 
mass of troostite and sorbite. 

Sometimes during use, wire ropes employed for winding and 
for cable tram lines were subjected to violent friction sufficient to 
heat the crowns of the wires to above the recalescence point, and 
this, followed by chilling, left the surface skin intensely hard. An 
examination under the microscope of wire so affected,. after suitable 
etching, revealed the presence of martensite. When the brittle skin 
was formed, and the rope passed over a pulley in such a way as 
to produce considerable flexure, the hardened skin cracked, and the 
cracks once formed travelled through the wires, which then broke 
up, and the rope became useless for further work and had to 
be removed. 
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Combined Carbon in Pig Iron. _Combined Carbon in Pig Iron. 


No. 1. Staffordshire Pig Iron containing No, 2. Cleveland No. 8. Pig Iron con- 
0:05°/, Combined Carbon. Etched with taining 0°3°/) Combined Carbon. x AO. 
: Picric Acid in Alcohol. x 40. 


The half tones in Nos, 1, 2, and 3 represent Pearlite. 


Combined Carbon in Pig Iron. Phosphorus in Pig Iron. 


No. 8. Lincolnshire No, 3. Pig Iron con- No. 4. Hematite Pig Iron with 0°04%/, 
taining 0°79/, Combined Carbon. x 40. Phosphorus, strongly etched with 120 
Sp. Gr. Nitric Acid. x 50. 


The white parts represent the Iron- 
Phosphorus eutectic, 
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Phosphorus in Pig Iron. Phosphorus in Pig Iron. 
No. 5. Pig Iron with 0°79/) Phosphorus. No. 6. Pig Iron with 1°5°/) Phosphorus. 
x 50. x 50. 


The white parts represent the Iron- 
Phosphorus eutectic. 


Steel castings. Proof of annealing. Steel castings. Proof of annealing. 
No, 7. Outside skin of a steel casting, No. 8. Outside skin of a steel casting, 
unannealed. x 40. well annealed, x 40. 


The ferrite envelope usually indicates that the steel has been 
through the annealing furnace. 
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: Steel castings. Proof of annealing. Steel castings. Proof of annealing. 
f No. 9. Steel casting overheated in the No, 10. Malleable casting, well annealed, 
annealing process. x 40, capable of being bent. x 40. 


The ferrite envelope usually indicates 
that the steel has been through the an- 
nealing furnace. 
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: Steel castings. Proof of annealing. Electric welding of steel. 
: No. 11. Malleable casti led but No. 12. Effect of applying an electric arc to sur- 
sting, annealed face of steel rail head for two seconds. The 


4 recarburised on the outside; it would steel contained 0°7%/, Carbon. It was polished 
and etched with nitric acid and magnified 

not bend. x 50. 9°95 diameters. The central dark part represents 
t a cavity; the white ring round this is decar- 
| cr burised steel, or ferrite. The dark ring is har- 


dened steel. This dark ring indicates that the 
steel had not been annealed after the electric 
welding. 
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Macro-structure showing difference in Macro-structure showing difference in 

structure of rails rolled from top, structure of rails rolled from top, 
middle, and bottom of ingots. middle, and bottom of ingots. > 

No, 13, Rail rolled from top of ingot. No. 14. Rail rolled from middle of ingot. 


Macro-structure showing difference in Structure of cold crushed steel. — 
Structure of rails rolled from top, 


middle, and bottom of ingots. king. x 40. 
No. 15. Rail rolled from bottom of ingot. 


No, 16, Structural steel crushed by caul- 
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Structure of cold crushed steel. Structure of cold crushed steel. 
No. 17. Crushed surface of steel in screw No. 18. A growing fatigue fracture in a 
bolt hole in firebox of boiler after long steel marine boiler, due to excessive 
use. Cracks developen at the crushed strain, x 40. 


surfaces and led to extended fracture. x 40. 


Hard skin on wire of rope, produced Hard skin on wire of rope, produced 
by excessive friction. by excessive friction. 

No. 19. Longitudinal section through the No. 20. Same as the foregoing at a part 

crown wire of a steel hauling rope, sho- where fracture had not occurred, 

wing hardened skin produced by exces- x 40. 


sive friction and fracture through the 
skin, etched with Picric Acid. x 40. 
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Hard skin on wire of rope, produced Miscellaneous. 
by excessive friction. No. 22. Surface of cross cut file after 
No. 21. Same as the foregoing after at- grinding off the teeth until a perfectly 
tempting to bend, showing fracture through flat surface was obtained, then etched 
the hard skin. with Picric Acid. It shows that the base 


of the teeth are the hardest portions, x 40. 
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Miscellaneous. Miscellaneous. 
No, 23. Longitudinal section of a hard No. 24, Section through a lap in a steel 
steel wire rod after patenting, which rail head, showing that the borders of 
broke to pieces when placed in the pick- the lap are partially decarburised. x 40. 


ling bath, Polished only, x 40, 
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Miscellaneous. _ Miscellaneous. 
No. 25. Polished section of a brittle No. 26, Section of the outside of a copper 
bronze gear wheel showing slag inclusions, plate which had been heated in a re- 
x 40, ducing gas. The copper plate became 


quite brittle and revealed the peculiar 

structure shown. Photograph supplied by 

Mr. Tomlinson of Messrs, The Broughton 
Copper Co, Ld. Manchester, 
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